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6HFRQG�(GLWLRQ
,Q�6HSWHPEHU�������D�VHFRQG�YHUVLRQ�RI�WKH�PDQXDO�ZDV�FUHDWHG�HOHFWURQLFDOO\�XVLQJ�PLFURFRPSXWHUV�DQG
GHVNWRS�SXEOLVKLQJ�VRIWZDUH�

$FNQRZOHGJHPHQWV
0RUJDQ�'HKQHO�ZRXOG�OLNH�WR�SHUVRQDOO\�DFNQRZOHGJH�DQG�WKDQN�75,80)��(EFR�7HFKQRORJLHV�,QF���DQG
863$6�VWDII�IRU�WHDFKLQJ�KLP�EHDP�WUDQVSRUW�RSWLFV��SDUWLFXODUO\�'U��*OHQ�6WLQVRQ��75,80)��DQG�'U�
.DUO�(UGPDQ��(EFR��IRU�WKHLU�SHUVRQDO�PHQWRULQJ�

$OVR��'HKQHO�&RQVXOWLQJ�/WG��JUDWHIXOO\�DFNQRZOHGJHV�
• WKH�VXSSRUW�RI�(EFR�7HFKQRORJLHV�,QF��DQG�75,80)�GXULQJ�EHWD�WHVWLQJ�RI

%HDPOLQH�6LPXODWRU�9����
• $ODQ�+XJKHV�IRU�KLV�SURJUDPPLQJ�DELOLW\�DQG�ZULWWHQ�FRQWULEXWLRQV�WR�WKH�PDQXDO�
• 6XH�&DPSEHOO�IRU�SURYLGLQJ�WKH�LQVSLUDWLRQ�IRU�WKH�ORJR�
• +��5LGHQRXU�	�$VVRFLDWHV�,QFRUSRUDWHG��1HOVRQ�%&�IRU�WKH�PDQXDO�HGLWV��OHDUQLQJ�GHVLJQ�DQG

GHVNWRS�SXEOLVKLQJ��DQG
• %HDPOLQH�6LPXODWRU�9����FXVWRPHUV�IRU�WKHLU�ILQDQFLDO�VXSSRUW�DQG�WKHLU�PDQ\�VXJJHVWLRQV�WRZDUGV

WKH�GHYHORSPHQW�RI�%HDPOLQH�6LPXODWRU�9����

&RS\ULJKW
&RS\ULJKW��������'HKQHO�&RQVXOWLQJ�/LPLWHG�RI�1HOVRQ��%&��&DQDGD��$OO�5LJKWV�5HVHUYHG��1R�SDUW�RI
WKLV�SXEOLFDWLRQ�PD\�EH�UHSURGXFHG��WUDQVPLWWHG��WUDQVFULEHG��VWRUHG�HOHFWURQLFDOO\�RU�PDQXDOO\�LQ�D
UHWULHYDO�V\VWHP��RU�WUDQVODWHG�LQWR�DQRWKHU�ODQJXDJH�LQ�DQ\�IRUP�ZLWKRXW�WKH�H[SUHVV�ZULWWHQ�FRQVHQW�RI
'HKQHO�&RQVXOWLQJ�/LPLWHG�

3XEOLVKLQJ�DQG�'LVWULEXWLRQ
%HDPOLQH�6LPXODWRU�DQG�LWV�DVVRFLDWHG�GRFXPHQWDWLRQ��´8VLQJ�%HDPOLQH�6LPXODWRUµ��LV�SXEOLVKHG�DQG
GLVWULEXWHG�LQWHUQDWLRQDOO\�E\�$FFHO6RIW�,QF��DV�SDUW�RI�D�OLFHQVH�DJUHHPHQW�ZLWK�'HKQHO�&RQVXOWLQJ
/LPLWHG�RI�1HOVRQ��%&��&DQDGD���$FFHO6RIW�,QF��LV�D�ZKROO\�RZQHG�VXEVLGLDU\�RI�*��+��*LOOHVSLH
$VVRFLDWHV��,QF�

)LUVW�8QLWHG�6WDWHV�3ULQWLQJ���-XQH������

,6%1��������������;

127,&(��(IIHFWV�RI�%HDPOLQH�6LPXODWRU�/LFHQVH�$JUHHPHQW
7KH�OLFHQVH�DJUHHPHQW�WKDW�LV�LQFOXGHG�LQ�\RXU�VRIWZDUH�SDFNDJH�VSHFLILHV�KRZ�\RX�PD\�XVH�WKH�SURGXFW�
ZKLFK�LQFOXGHV�SHUPLWWHG�XVHV�RI�WKLV�PDQXDO��$Q\�XQDXWKRUL]HG�GXSOLFDWLRQ�RI�%HDPOLQH�6LPXODWRU��LQ
ZKROH�RU�LQ�SDUW��LQFOXGLQJ�WKLV�PDQXDO�LV�VWULFWO\�IRUELGGHQ�DQG�YLRODWHV�WKH�%HDPOLQH�6LPXODWRU�/LFHQVH
$JUHHPHQW�

7UDGHPDUN�,QIRUPDWLRQ
2WKHU�SURGXFW�QDPHV�XVHG�KHUHLQ�DUH�IRU�LGHQWLILFDWLRQ�SXUSRVHV�RQO\�DQG�PD\�EH�WUDGHPDUNV�RI�WKHLU
UHVSHFWLYH�RZQHUV��'HKQHO�&RQVXOWLQJ�/LPLWHG�GLVFODLPV�DQ\�DQG�DOO�ULJKWV�LQ�WKRVH�PDUNV��%HDPOLQH
6LPXODWRU�LV�ZULWWHQ�LQ�%RUODQG�'HOSKL�3URIHVVLRQDO�9HUVLRQ������%XLOG��������&RS\ULJKW������²�����
%RUODQG�,QWHUQDWLRQDO�

%HDPOLQH�6LPXODWRU�DQG�0LFURVRIW�:LQGRZV
%HDPOLQH�6LPXODWRU�RSHUDWHV�LQ�D�JUDSKLFDO�HQYLURQPHQW�FDOOHG�0LFURVRIW�:LQGRZV��FUHDWHG�E\
0LFURVRIW�&RUSRUDWLRQ��0LFURVRIW�:LQGRZV�JLYHV�D�VWDQGDUG�ORRN�DQG�IHHO�WR�%HDPOLQH�6LPXODWRU�DQG�WR
RWKHU�:LQGRZV�DSSOLFDWLRQV�

7R�UXQ�%HDPOLQH�6LPXODWRU�XQGHU�0LFURVRIW�:LQGRZV��\RX�QHHG�WR�OLFHQVH�DQG�LQVWDOO�0LFURVRIW
:LQGRZV��������RU�17��:LWK�0LFURVRIW�:LQGRZV�\RX�FDQ�WDNH�DGYDQWDJH�RI�WKH�:LQGRZV�HQYLURQPHQW�
VXFK�DV�UXQQLQJ�PXOWLSOH�DSSOLFDWLRQV�WR�FUHDWH�DQ�LQWHJUDWHG�ZRUNLQJ�HQYLURQPHQW��DQG�H[FKDQJLQJ�GDWD
EHWZHHQ�DSSOLFDWLRQV�
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)URP�2XU�8VHUV
.DUO�(UGPDQ��3K�'���3URIHVVRU�(PHULWXV��8�%�&���DQG�6HQLRU�6FLHQWLILF�$GYLVRU
IRU�(EFR�7HFKQRORJLHV�ZULWHV�RQ�0D\����������

,�KDYH�VHHQ�WKH�EHDPOLQH�VLPXODWLRQ�SURJUDP�WKDW�KDV�EHHQ�GHYHORSHG�E\�'U��0RUJDQ
'HKQHO��7KLV�SURJUDP�SURYLGHV�D�JUDSKLFDO�XVHU�LQWHUIDFH�WKDW�ZLOO�DOORZ�D�EHDP�OLQH
GHVLJQHU�RU�D�EHDP�OLQH�RSHUDWRU�WR�TXLFNO\�DVVHVV�WKH�SHUIRUPDQFH�RI�D�EHDPOLQH��,W
SHUPLWV�DQ�HDV\�ZD\�WR�FKDQJH�WKH�´WXQHµ�RI�D�OLQH�LQ�RUGHU�WR�RSWLPL]H�WKH�WUDQVPLVVLRQ
RU�HQHUJ\�UHVROXWLRQ�RI�D�EHDP�RI�KLJK�HQHUJ\�SDUWLFOHV��,W�ZLOO�SHUPLW�D�XVHU�WR�VHW�XS�D
V\VWHP�ZLWKRXW�UHTXLULQJ�FRPSOLFDWHG�WUDFNLQJ�SURJUDPV�VXFK�DV�75$163257�XVHG
E\�EHDP�GHVLJQ�H[SHUWV��6XFK�SURJUDPV�DUH�ERWK�VORZ�DQG�UHTXLUH�FRQVLGHUDEOH
PDWKHPDWLFDO�VNLOO�DQG�LQWXLWLRQ�LQ�WKHLU�DSSOLFDWLRQ��,Q�DGGLWLRQ��WKH�XVH�RI�D�3&�ZLWK
:LQGRZV����PDNHV�WKH�SURJUDP�ERWK�XVHU�IULHQGO\�DQG�WUDQVSDUHQW�

'U��1LJHO�5��6WHYHQVRQ��+HDG��,VRWRSH�3URGXFWLRQ�*URXS��75,80)�ZULWHV�RQ
0D\���������

$Q�DFFXUDWH�XQGHUVWDQGLQJ�RI�WKH�SURSHUWLHV�RI�WKH�F\FORWURQ�EHDPV�LV�HVVHQWLDO�IRU�WKH
VXFFHVV�RI�RXU�UHVHDUFK�FRPPHUFLDO�REMHFWLYHV��%\�XVLQJ�WKH�EHDPOLQH�VLPXODWLRQ�FRGHV�RI
'&/�ZH�KDYH�EHDQ�DEOH�WR�REWDLQ�LQIRUPDWLRQ�WKDW�DGYDQFHV�RXU�XQGHUVWDQGLQJ�RI�WKH
WHFKQRORJ\�ZH�RSHUDWH�DQG��WKHUHE\��LPSURYH�DQG�LQFUHDVH�WKH�TXDOLW\�DQG�TXDQWLW\�RI
SURGXFWLRQ��6SHFLILFDOO\��QHZ�EHDPOLQHV�DQG�LPSURYHG�FRPSRQHQWV�WR�H[LVWLQJ�EHDPOLQHV
KDYH�EHHQ�GHWHUPLQHG�XVLQJ�WKLV�VRIWZDUH��,QFUHPHQWDO�LPSURYHPHQWV�WR�FRPSRQHQWV�DQG�WR
WKH�TXDOLW\�RI�WKH�EHDP�EHLQJ�WUDQVSRUWHG�DUH�RQJRLQJ�XVLQJ�WKLV�FRGH�DORQJ�ZLWK�RWKHU
WRROV�
2XU�IDFLOLW\�LV�EDVHG�DURXQG�D�IHGHUDOO\�VXSSRUWHG�UHVHDUFK�IDFLOLW\�DQG�DV�VXFK�IRFXVHV�LQ
RQ�UHVHDUFK�DVSHFWV�RI�F\FORWURQV�DQG�F\FORWURQ�EDVHG�SURGXFWV��ZKLFK�DUH�VXEVHTXHQWO\
FRPPHUFLDOL]HG�ZLWK�DQ�LQGXVWULDO�SDUWQHU��7KH�UHVHDUFK�DVSHFWV�RI�RXU�RSHUDWLRQ�DUH
PDQ\��RQH�RI�ZKLFK�LV�WKH�RQJRLQJ�GULYH�WR�KLJKHU�DQG�EHWWHU�TXDOLW\�EHDP�FXUUHQWV��7KLV
W\SH�RI�UHVHDUFK�ZRXOG�EH�VLJQLILFDQWO\�KDPSHUHG�ZLWKRXW�WKH�GLUHFW�LQSXW�DYDLODEOH�IURP
VXFK�FRPSXWHU�FRGHV�DV�WKH�RQH�EHLQJ�GHYHORSHG�E\�'&/��:H�LQWHQG�WR�FRQWLQXH�XVLQJ
WKLV�SURJUDP�WR�KHOS�XV�GHYHORS�WKH�F\FORWURQ�V\VWHPV�DV�ZH�DQWLFLSDWH�LQFUHDVLQJO\
FRPSOH[�SUREOHPV�WKDW�PD\�QRW�EH�DGGUHVVDEOH�ZLWK�H[LVWLQJ�FRQYHQWLRQDO�WRROV�
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)LQDQFLDO�6XSSRUW
'HKQHO�&RQVXOWLQJ�/WG��JUDWHIXOO\�DFNQRZOHGJHV�ILQDQFLDO�VXSSRUW�IURP�

• 7KH�1DWLRQDO�5HVHDUFK�&RXQFLO�&DQDGD��15&��WKURXJK�LWV�,QGXVWULDO�5HVHDUFK
$VVLVWDQFH�3URJUDP��,5$3��

• 5HYHQXH�&DQDGD�WKURXJK�LWV�6FLHQWLILF�5HVHDUFK�DQG�([SHULPHQWDO
'HYHORSPHQW�3URJUDP��65�	�('��3URJUDP�

• 7KH�*RYHUQPHQW�RI�%ULWLVK�&ROXPELD�WKURXJK�LWV�)LUVW�-RE�LQ�6FLHQFH�	
7HFKQRORJ\�·���	�·���3URJUDPV��DQG

• 7KH�6FLHQFH�&RXQFLO�RI�%ULWLVK�&ROXPELD�WKURXJK�LWV�*5($7�6FKRODUVKLS
3URJUDP�
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&RQWHQWV
)URP�2XU�8VHUV������������������������������������������������������������������������������������������������������������������������������ ,
)LQDQFLDO�6XSSRUW ��������������������������������������������������������������������������������������������������������������������������,,
�����$ERXW�7KLV�6RIWZDUH ����������������������������������������������������������������������������������������������������������������� �
�����:KDW·V�,Q�7KLV�0DQXDO"������������������������������������������������������������������������������������������������������������

����)RU�9HUVLRQ�����DQG�����8VHUV��������������������������������������������������������������������������������������������������������������� �
����)RU�1HZ�8VHUV ������������������������������������������������������������������������������������������������������������������������������������ �

�����6WDUWLQJ�%HDPOLQH�6LPXODWRU �����������������������������������������������������������������������������������������������������
�����6HFXULW\ ����������������������������������������������������������������������������������������������������������������������������������������������� �
�����,QVWDOOLQJ�WKH�6RIWZDUH ����������������������������������������������������������������������������������������������������������������������� �
�����8QLQVWDOOLQJ�WKH�6RIWZDUH ������������������������������������������������������������������������������������������������������������������� �
�����5XQQLQJ�WKH�3URJUDP������������������������������������������������������������������������������������������������������������������������� �

�����8VLQJ�WKH�7XWRULDOV �������������������������������������������������������������������������������������������������������������������
�����5XQQLQJ�DQG�5HDO�7LPH�7XQLQJ�3URFHGXUHV������������������������������������������������������������������������������������� �

6WDUWLQJ�%HDPOLQH�6LPXODWRU ��������������������������������������������������������������������������������������������������������������������������
,QWURGXFLQJ�WKH�:LQGRZV������������������������������������������������������������������������������������������������������������������������������
5XQQLQJ�WKH�6DPSOH�%HDP ����������������������������������������������������������������������������������������������������������������������������
9LHZLQJ�WKH�*UDSKLFV �������������������������������������������������������������������������������������������������������������������������������������
$GGLQJ�D�4XDGUXSROH�0DJQHW�����������������������������������������������������������������������������������������������������������������������
9LHZLQJ�WKH�*UDSKLFV�$JDLQ ������������������������������������������������������������������������������������������������������������������������
5HDO�7LPH�7XQLQJ�:LWK�WKH�4XDGUXSROH�0DJQHW�������������������������������������������������������������������������������������
5XQQLQJ�D�0XOWL�3DUWLFOH�%HDP��������������������������������������������������������������������������������������������������������������������
9LHZLQJ�WKH�&ROOLPDWRU�:LQGRZ�����������������������������������������������������������������������������������������������������������������
6HOHFWLQJ�*UDSKLFV�3URSHUWLHV ����������������������������������������������������������������������������������������������������������������������
,QWURGXFLQJ�WKH�'LDJQRVWLFV �������������������������������������������������������������������������������������������������������������������������
�����$XWRPDWLF�7XQLQJ�8VLQJ�WKH�&RQVWUDLQW�$OJRULWKP�������������������������������������������������������������������������
,QLWLDOL]LQJ�WKH�6RIWZDUH ��������������������������������������������������������������������������������������������������������������������������������
2SHQLQJ�DQG�5XQQLQJ�WKH�6DPSOH�%HDP���������������������������������������������������������������������������������������������������
9LHZLQJ�WKH�*UDSKLFV ������������������������������������������������������������������������������������������������������������������������������������
$GGLQJ�D�4XDGUXSROH�0DJQHW����������������������������������������������������������������������������������������������������������������������
9LHZLQJ�WKH�*UDSKLFV�$JDLQ ������������������������������������������������������������������������������������������������������������������������
9DU\�2QH�RU�0RUH�3DUDPHWHUV���������������������������������������������������������������������������������������������������������������������
&KRRVLQJ�:KDW�WR�6ROYH�)RU������������������������������������������������������������������������������������������������������������������������
5XQQLQJ�WKH�&RQVWUDLQW�$OJRULWKP �������������������������������������������������������������������������������������������������������������
,QWHUSUHWLQJ�WKH�5HVXOWV���������������������������������������������������������������������������������������������������������������������������������

�����4XHVWLRQV�	�$QVZHUV��������������������������������������������������������������������������������������������������������������������������

�����'HILQLQJ�WKH�%HDP�6RXUFH ����������������������������������������������������������������������������������������������������� ��
�����%HDP�6RXUFH�)RUP�)LOO�,Q�������������������������������������������������������������������������������������������������������������������

%HDP�6RXUFH�²�)RUP�)LOO�,Q�³�*HQHUDO�%HDP�,QIRUPDWLRQ �����������������������������������������������������������������
%HDP�6RXUFH�)RUP�)LOO�,Q�³�0DWUL[�	�+DOI�6L]HV����������������������������������������������������������������������������������
%HDP�6RXUFH�)RUP�)LOO�,Q�³�9LUWXDO�5RWDWLRQV���������������������������������������������������������������������������������������

����7KH�,RQ�2SWLFDO�(OHPHQWV ������������������������������������������������������������������������������������������������������ ��
�����,RQ�2SWLFDO�(OHPHQWV��������������������������������������������������������������������������������������������������������������������������
�����0DQDJLQJ�,FRQV��(OHPHQW�RU�2WKHU� ��������������������������������������������������������������������������������������������������

0DNLQJ�DQ�,FRQ�&XUUHQW��������������������������������������������������������������������������������������������������������������������������������
,QVHUWLQJ�,FRQV������������������������������������������������������������������������������������������������������������������������������������������������



,9�������8VLQJ�%HDPOLQH�6LPXODWRU
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&XWWLQJ�DQG�3DVWLQJ�,FRQV�����������������������������������������������������������������������������������������������������������������������������
5HDUUDQJLQJ�,FRQV�E\�'UDJ�DQG�'URS ��������������������������������������������������������������������������������������������������������
��:D\V�WR�'HOHWH�DQ�,FRQ������������������������������������������������������������������������������������������������������������������������������

�����6SHFLI\LQJ�3DUDPHWHUV�IRU�(OHPHQWV ������������������������������������������������������������������������������������������������ ��
'LSROH�)RUP�)LOO�,Q ���������������������������������������������������������������������������������������������������������������������������������������
'ULIW�/HQJWK�)RUP�)LOO�,Q�����������������������������������������������������������������������������������������������������������������������������
1RQ�6WDQGDUG�)RUP�)LOO�,Q��������������������������������������������������������������������������������������������������������������������������
3HUWXUEDWLRQ�)RUP�)LOO�,Q�����������������������������������������������������������������������������������������������������������������������������
4XDGUXSROH�)RUP�)LOO�,Q������������������������������������������������������������������������������������������������������������������������������
4XDGUXSROH�)RUP�)LOO�,Q�³�0DWUL[�3DJH��������������������������������������������������������������������������������������������������
5RWDWLRQ�)RUP�)LOO�,Q������������������������������������������������������������������������������������������������������������������������������������
6ROHQRLG�)RUP�)LOO�,Q������������������������������������������������������������������������������������������������������������������������������������
7KLQ�/HQV�)RUP�)LOO�,Q ���������������������������������������������������������������������������������������������������������������������������������

�����$SSO\LQJ�&RQVWUDLQWV������������������������������������������������������������������������������������������������������������������������ ��
&RQVWUDLQW�)RUP�)LOO�,Q�³�9DULDEOH�3DUDPHWHUV ��������������������������������������������������������������������������������������
&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV ������������������������������������������������������������������������������������������
&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV ������������������������������������������������������������������������������������������
&RQVWUDLQW�)RUP�)LOO�,Q�³�7UDQVSRUW�0DWUL[�&RQVWUDLQWV����������������������������������������������������������������������

�����'LDJQRVWLF�7RROV ������������������������������������������������������������������������������������������������������������������� ��
�����$SHUWXUHV�%XWWRQ ������������������������������������������������������������������������������������������������������������������������������ ��

5XOHV�IRU�(QWHULQJ�'DWD ��������������������������������������������������������������������������������������������������������������������������������
,QVHUW��'HOHWH�DQG�(GLW�$FWLRQV �������������������������������������������������������������������������������������������������������������������
7URXEOHVKRRWLQJ ���������������������������������������������������������������������������������������������������������������������������������������������
&ROXPQ�'HVFULSWLRQV ������������������������������������������������������������������������������������������������������������������������������������

�����&URVV�6HFWLRQ�3ORW�,FRQ �������������������������������������������������������������������������������������������������������������������� ��
�����(QG�5XQ�,FRQ����������������������������������������������������������������������������������������������������������������������������������� ��
�����*HW�6\VWHP�0HWULFV�,FRQ ������������������������������������������������������������������������������������������������������������������ ��

0HDVXUHPHQW�5HDGRXWV���������������������������������������������������������������������������������������������������������������������������������
�����*UDSKLFV�0DQDJHPHQW �������������������������������������������������������������������������������������������������������������

�����/RRNLQJ�DW�3ORW�7\SHV �������������������������������������������������������������������������������������������������������������������������
/RQJLWXGLQDO�3ORW��������������������������������������������������������������������������������������������������������������������������������������������
/RQJLWXGLQDO�3ORW��������������������������������������������������������������������������������������������������������������������������������������������
&URVV�6HFWLRQDO�3ORWV �������������������������������������������������������������������������������������������������������������������������������������
,QWHQVLW\�3ORW���������������������������������������������������������������������������������������������������������������������������������������������������

�����&KRRVLQJ�*UDSKLFV�3URSHUWLHV���������������������������������������������������������������������������������������������������������� ��
*UDSK�7\SH�3DJH �������������������������������������������������������������������������������������������������������������������������������������������
7LWOH�/DEHOV�3DJH �������������������������������������������������������������������������������������������������������������������������������������������
)UDPH ���������������������������������������������������������������������������������������������������������������������������������������������������������������
7H[W�%ORFNV �����������������������������������������������������������������������������������������������������������������������������������������������������
$[HV������������������������������������������������������������������������������������������������������������������������������������������������������������������
%RUGHU�*ULG����������������������������������������������������������������������������������������������������������������������������������������������������

�����*UDSKLFV�3RS�XS�0HQX �����������������������������������������������������������������������������������������������������������������������
�����*HWWLQJ�WKH�0RVW�IURP�WKH�*UDSKLFV�:LQGRZV��������������������������������������������������������������������������������� ��

�����9LHZLQJ�7H[W�5HDGRXWV ��������������������������������������������������������������������������������������������������������� ��
�����&ROOLPDWRU�:LQGRZ��������������������������������������������������������������������������������������������������������������������������� ��

&ROOLPDWRU�7H[W�5HDGRXW�³�,Q�5HDO�7LPH ������������������������������������������������������������������������������������������������
&ROOLPDWRU�7H[W�5HDGRXW�³�3RS�8S�2SWLRQV �����������������������������������������������������������������������������������������

�����%HDP�7UDQVSRUW�6\VWHP��%76��7H[W�:LQGRZ���������������������������������������������������������������������������������� ��
%HDPOLQH�(OHPHQW�3URSHUWLHV�����������������������������������������������������������������������������������������������������������������������



&RQWHQWV � � � � � � �9

��������� � �9� ��

%HDP�7UDQVSRUW�6\VWHP�³�3RS�8S�2SWLRQV �������������������������������������������������������������������������������������������
%HDP�0DWULFHV ������������������������������������������������������������������������������������������������������������������������������������������������
&XPXODWLYH�7UDQVSRUW��0DWULFHV ������������������������������������������������������������������������������������������������������������������
6\VWHP�:DLVWV �������������������������������������������������������������������������������������������������������������������������������������������������

������&RPPDQG�	�7RRO�5HIHUHQFH������������������������������������������������������������������������������������������������ ��
������'RFXPHQW�'HILQLWLRQV �����������������������������������������������������������������������������������������������������������������������

&XUVRU�$FWLRQV������������������������������������������������������������������������������������������������������������������������������������������������
6RIWZDUH�7HUPLQRORJ\ �����������������������������������������������������������������������������������������������������������������������������������

������*HQHUDO�:LQGRZ�)XQFWLRQDOLW\ ����������������������������������������������������������������������������������������������������������
&RQWURO�0HQX �������������������������������������������������������������������������������������������������������������������������������������������������
&RPPRQ�:LQGRZ�DQG�'LDORJ�%R[�$WWULEXWHV �����������������������������������������������������������������������������������������

������%DVH�$SSOLFDWLRQ�:LQGRZ������������������������������������������������������������������������������������������������������������������
)LOH�0HQX���������������������������������������������������������������������������������������������������������������������������������������������������������
(GLW�0HQX��������������������������������������������������������������������������������������������������������������������������������������������������������
:LQGRZ�0HQX �����������������������������������������������������������������������������������������������������������������������������������������������
5XQ�2SWLRQV�0HQX���������������������������������������������������������������������������������������������������������������������������������������
+HOS�0HQX �����������������������������������������������������������������������������������������������������������������������������������������������������

������7RROEDU ������������������������������������������������������������������������������������������������������������������������������������������ ���
6SHHG�%XWWRQV������������������������������������������������������������������������������������������������������������������������������������������������
:LQGRZ�6KRZ�+LGH�%XWWRQV ���������������������������������������������������������������������������������������������������������������������

�����9DU\�3DUDPHWHU�:LQGRZ����������������������������������������������������������������������������������������������������������������� ���
������6HTXHQWLDO�%HDP�,FRQ�:LQGRZ ����������������������������������������������������������������������������������������������������� ���

6%,�:LQGRZ�)HDWXUHV�����������������������������������������������������������������������������������������������������������������������������������
0DNLQJ�DQ�,FRQ�&XUUHQW�������������������������������������������������������������������������������������������������������������������������������
,QVHUWLQJ�,FRQV�����������������������������������������������������������������������������������������������������������������������������������������������
&XWWLQJ�DQG�3DVWLQJ�,FRQV����������������������������������������������������������������������������������������������������������������������������
5HDUUDQJLQJ�,FRQV�E\�'UDJ�DQG�'URS �������������������������������������������������������������������������������������������������������
��:D\V�WR�'HOHWH�DQ�,FRQ�����������������������������������������������������������������������������������������������������������������������������
6SHFLI\LQJ�3DUDPHWHUV�IRU�(OHPHQWV ����������������������������������������������������������������������������������������������������������

$SSHQGLFHV �������������������������������������������������������������������������������������������������������������������������������������
$SSHQGL[�$�«�8QLWV�RI�0HDVXUHPHQW �������������������������������������������������������������������������������������������������� ���

2SWLFDO�3DUDPHWHUV����������������������������������������������������������������������������������������������������������������������������������������
%HDP�+DOI�6L]HV ��������������������������������������������������������������������������������������������������������������������������������������������
3DUWLFOHV�����������������������������������������������������������������������������������������������������������������������������������������������������������
*UDSKLFV�3ORWV �����������������������������������������������������������������������������������������������������������������������������������������������

$SSHQGL[�%�«�8WLOLWLHV ������������������������������������������������������������������������������������������������������������������������� ���
5HVRXUFH�:LQGRZ�����������������������������������������������������������������������������������������������������������������������������������������
0DWUL[�7HVWLQJ�:LQGRZ �������������������������������������������������������������������������������������������������������������������������������

$SSHQGL[�&�«�6\VWHP�5HTXLUHPHQWV ��������������������������������������������������������������������������������������������������� ���
$SSHQGL[�'�«�&XVWRPHU�6XSSRUW��������������������������������������������������������������������������������������������������������� ���

5HJLVWUDWLRQ ����������������������������������������������������������������������������������������������������������������������������������������������������
&XVWRPHU�6HUYLFH�	�7HFKQLFDO�6XSSRUW ����������������������������������������������������������������������������������������������������

$SSHQGL[�(�«�,RQ�2SWLFV�7HFKQLFDO�1RWHV ����������������������������������������������������������������������������������������� ���

*ORVVDU\ �������������������������������������������������������������������������������������������������������������������������������������� ���
,QGH[������������������������������������������������������������������������������������������������������������������������������������������� ���



9,�������8VLQJ�%HDPOLQH�6LPXODWRU

��������� � �9� ��

)LJXUHV
)LJXUH�������*HQHUDO�%HDP�,QIRUPDWLRQ�³�3DUDPHWHUV ��������������������������������������������������������������������������������������������������
)LJXUH�������%HDP�6RXUFH�)RUP�)LOO�,Q�³�0DWUL[�	�+DOI�6L]HV���������������������������������������������������������������������������������
)LJXUH�������%HDP�6RXUFH�)RUP�)LOO�,Q��³�9LUWXDO�5RWDWLRQV ��������������������������������������������������������������������������������������
)LJXUH�������'LSROH�)RUP�)LOO�,Q��³�3DUDPHWHUV�3DJH ���������������������������������������������������������������������������� ����������������������
)LJXUH�������'LSROH�3ULPDU\�,QSXW����������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������'ULIW�/HQJWK�)RUP�)LOO�,Q ��������������������������������������������������������������������������������������������������������������������������
)LJXUH�������1RQ�6WDQGDUG�)RUP�)LOO�,Q�³�3DUDPHWHU�	�0DWUL[�,QIRUPDWLRQ������������������������������������������������������������
)LJXUH�������%HDP�3HUWXUEDWLRQ�)RUP�)LOO�,Q�����������������������������������������������������������������������������������������������������������������
)LJXUH��������4XDGUXSROH�)RUP�)LOO�,Q�³�3DUDPHWHUV�3DJH�������������������������������������������������������������������������������������������
)LJXUH�������4XDGUXSROH�)RUP�)LOO�,Q�³�3ULPDU\�,QSXW�����������������������������������������������������������������������������������������������
)LJXUH�������4XDGUXSROH�)RUP�)LOO�,Q�³�0DWUL[�3DJH �������������������������������������������������������������������������������������������������
)LJXUH�������5RWDWLRQ�(OHPHQW�³�)RUP�)LOO�,Q�������������������������������������������������������������������������������������������������������������
)LJXUH��������6ROHQRLG�)RUP�)LOO�,Q�������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������6ROHQRLG�3ULPDU\�,QSXW�����������������������������������������������������������������������������������������������������������������������������
)LJXUH��������7KLQ�/HQV�)RUP�)LOO�,Q ���������������������������������������������������������������������������������������������������������������������������
)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�9DULDEOH�3DUDPHWHUV �������������������������������������������������������������������� ����������������
)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV� ����������������������������������������������������������������������������������������
)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV� ����������������������������������������������������������������������������������������
)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�7UDQVSRUW�0DWUL[�&RQVWUDLQWV����������������������������������������������������������������������
)LJXUH�������7UDQVSRUW�6\VWHP�³�$SHUWXUH�)RUP�)LOO�,Q ����������������������������������������������������������������������������������������������
)LJXUH�������6\VWHP�3URSHUWLHV�3DJH ��������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������6\VWHP�0DWULFHV�3DJH����������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������3DUWLFOHV�3DJH���������������������������������������������������������������������������������������������������� ������������������������������������������
)LJXUH�������/RQJLWXGLQDO�3ORW�RI�DQ�(QYHORSH�%HDP�5XQ ����������������������������������������������������������������������������������������������
)LJXUH�������/RQJLWXGLQDO�3ORW�RI�D�3DUWLFOH�%HDP�5XQ���������������������������������������������������������������������������������������������������
)LJXUH�������&URVV�6HFWLRQDO�3ORW�RI�DQ�(QYHORSH�%HDP�5XQ�������������������������������������������������������������������������������������������
)LJXUH�������&URVV�6HFWLRQDO�3ORW�RI�D�3DUWLFOH�%HDP�5XQ �����������������������������������������������������������������������������������������������
)LJXUH�������,QWHQVLW\�3ORW�RI�D�3DUWLFOH�%HDP�5XQ����������������������������������������������������������������������������� �����������������������������
)LJXUH�������*UDSK�7\SH�3DJH��������������������������������������������������������������������������������������������������� �������������������������������������
)LJXUH�������7LWOH�/DEHOV�3DJH���������������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������)UDPH�3DJH�������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������7H[W�%ORFNV�3DJH����������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������$[HV�3DJH ������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������%RUGHU�*ULG�3DJH ������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������%RUGHU�*ULG�3DJH ������������������������������������������������������������������������������������������������������������������������������������
)LJXUH�������&ROOLPDWRU�7H[W�5HDGRXW�³�,Q�5HDO�7LPH ������������������������������������������������������������������������������������������������
)LJXUH�������&ROOLPDWRU�7H[W�5HDGRXW�³�3RS�8S�2SWLRQV��������������������������������������������������������������������������������������������
)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�%HDPOLQH�(OHPHQW�3URSHUWLHV ���������������������������������������������������������������������������
)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�3RS�8S�2SWLRQV����������������������������������������������������������������������������������������������
)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�%HDP�0DWULFHV ������������������������������������������������������������������������������������������������
)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�&XPXODWLYH�7UDQVSRUW�0DWULFHV �����������������������������������������������������������������������
)LJXUH��������%HDP�7UDQVSRUW�6\VWHP�³�6\VWHP�:DLVWV���������������������������������������������������������������������������� ��������������������
)LJXUH��������&RQWURO�0HQX �������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������%DVH�$SSOLFDWLRQ�:LQGRZ ������������������������������������������������������������������������������������������������������������������������
)LJXUH��������)LOH�0HQX�������������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������(GLW�0HQX �����������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������:LQGRZ�0HQX�����������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������5XQ�2SWLRQV�0HQX����������������������������������������������������������������������������������������������������������������������������������
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)LJXUH��������+HOS�0HQX����������������������������������������������������������������������������������������������������������������������������������������������
)LJXUH��������9DU\�3DUDPHWHU�:LQGRZ ������������������������������������������������������������������������������������������������������������������������
)LJXUH���������6HTXHQWLDO�%HDP�,FRQ�:LQGRZ ���������������������������������������������������������������������������������������������������������������
$SSHQGL[�%��5HVRXUFH�:LQGRZ�������������������������������������������������������������������������������������������������������������������������������������
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�����$ERXW�7KLV�6RIWZDUH
7R�RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�HYHU��UHDO�WLPH�VLPXODWRU�IRU�LQGXVWULDO�EHDP
WUDQVSRUW�V\VWHPV�DYDLODEOH�RQ�D�3&�:LQGRZV�SODWIRUP��'HVLJQHG�ZLWK�DFFXUDF\�DQG
IOH[LELOLW\��%HDPOLQH�6LPXODWRU�ZLOO�PLPLF�D�EURDG�UDQJH�RI�EHDP�WUDQVSRUW
V\VWHPV�VXFK�DV�WKRVH�XVHG�LQ�UDGLRLVRWRSH�SURGXFWLRQ��LQ�PLFUR�HWFKLQJ�VHPL�
FRQGXFWRUV�RU�LQ�UHVHDUFK�

3URJUDP�IHDWXUHV�LQFOXGH�
• 5($/�7,0(�781,1*�FDSDELOLWLHV�WKURXJK�WKH�9DU\�3DUDPHWHU�:LQGRZ�
<RX�PD\�WXQH�WKH�PDJQHW�FXUUHQW�RU�ILHOG�VWUHQJWK�DQG�VLPXOWDQHRXVO\�REVHUYH
FKDQJHV�LQ�WKH�EHDP�VSLOO�GDWD�DQG�EHDP�SORWV��%HDP�VSLOO�GDWD�LV�JLYHQ�LQ
SHUFHQW�

• DQ�HDV\�DQG�LQWXLWLYH�LQWHUIDFH�IRU�EXLOGLQJ�EHDPOLQH�V\VWHPV��<RX�PD\�GUDJ
DQG�GURS�LFRQV�UHSUHVHQWLQJ�FRPPRQ�EHDPOLQH�HOHPHQWV�VXFK�DV�GLSROH
PDJQHWV��TXDGUXSROH�PDJQHWV��VROHQRLG�PDJQHWV��GULIWV�VSDFHV��HWF�

• WKH�DELOLW\�WR�GHILQH�DQG�PRGHO�EHDP�SLSH��FROOLPDWRU�DQG�RWKHU�SK\VLFDO�GHYLFH
DSHUWXUHV�

• D�3HUWXUEDWLRQ�LFRQ�IRU�EHDP�PLV�FHQWHULQJ
• WKH�VLPXODWLRQ�RI�PXOWL�SDUWLFOH�EHDPV�RI�XS�WR��������SDUWLFOHV�
• WKH�VLPXODWLRQ�RI�EHDP�HQYHORSHV�
• WZR�JUDSKLFV�ZLQGRZV�IRU�YLHZLQJ�SORWV��<RX�PD\�FKRRVH�EHWZHHQ
ORQJLWXGLQDO��EHDP�SURILOH���FURVV�VHFWLRQDO��WUDQVYHUVH��DQG�LQWHQVLW\��RQO\�IRU
PXOWL�SDUWLFOH�UXQV��

• D�&RQVWUDLQW�LFRQ�IRU�DXWRPDWLFDOO\�GHWHUPLQLQJ�V\VWHP�VHWWLQJ�UHTXLUHPHQWV
IRU�VSHFLILF�EHDP�RU�WUDQVSRUW�FRQGLWLRQV�

%HDPOLQH�6LPXODWRU�LV�LGHDO�IRU�TXLFNO\�GHWHUPLQLQJ�QHZ�EHDPOLQH�WXQHV��IRU
DOORZLQJ�WUDLQHH�RSHUDWRUV�WR�JHW�WKH�IHHO�RI�EHDPOLQH�WXQLQJ��DQG�IRU�GHVLJQLQJ
EHDPOLQHV��,W�LV�D�ILUVW�RUGHU�PRGHOLQJ�FRGH�WKDW�PD\�EH�XVHG�E\�HQJLQHHUV�RU
SK\VLFLVWV�WR�GHVLJQ�FRPSOHWHO\�QHZ�EHDPOLQH�V\VWHPV�
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�����:KDW·V�,Q�7KLV�0DQXDO"
2.1 For Version 1.1 and 1.2 Users

:H�ZRXOG�OLNH�WR�DGYLVH�\RX�RI�WKH�FKDQJHV�WR�WKH�VRIWZDUH�WKURXJK�9HUVLRQV����
DQG������:H�KDYH�DGGHG�

• VROHQRLG�DQG�WKLQ�OHQV�LRQ�RSWLFDO�HOHPHQWV�
• LFRQ�QDPLQJ�LQ�WKH�6HTXHQWLDO�%HDP�,FRQ�ZLQGRZ�IRU�HDVLHU�HOHPHQW
LGHQWLILFDWLRQ�

• D�PDJQLWXGH�UHDGRXW�LQ�WKH�9DU\�3DUDPHWHU�:LQGRZ�IRU�WKH�SDUDPHWHU�EHLQJ
DGMXVWHG�

• SULQW��DQG�FRS\�WR�FOLSERDUG�FDSDELOLW\�IRU�WKH�$SHUWXUHV��6\VWHP�0HWULFV�
&RQVWUDLQWV��&ROOLPDWRU�7H[W�5HDGRXW�DQG�%HDP�7UDQVSRUW�6\VWHP�3URSHUW\
/LVWLQJV�

• SDUWLFOH�FKDUJH�FDSDELOLW\�IRU�WKH�%HDP�6RXUFH��DQG�DQ�HDVLHU�PHWKRG�IRU
HQWHULQJ�´WLOWHGµ�SKDVH�VSDFH�EHDP�HOOLSVHV��0XOWL�SDUWLFOH�GLVWULEXWLRQV�FDQ
QRZ�EH�VDYHG�

• WKH�DELOLW\�WR�HQWHU�EHQG�DQJOH�RU�PDJQHWLF�ILHOG�GDWD��DQG�IULQJH�ILHOG
FRUUHFWLRQ�IRU�'LSROH�PDJQHWV�

• WKH�DELOLW\�WR�HQWHU�ILHOG�JUDGLHQW��N��RU�PDJQHWLF�ILHOG�GDWD�IRU�4XDGUXSROH
PDJQHWV�

$OVR��\RX�GRQ·W�QHHG�D�KDUGZDUH�NH\�WR�UXQ�WKH�SURJUDP�QRZ�

2.2 For New Users
$V�VXSSRUW�IRU�WKH�SURJUDP�ZH�KDYH�SURGXFHG�D�PDQXDO�WKDW�ZH�EHOLHYH�ZLOO
¶TXLFN�VWDUW·�WKH�OHDUQLQJ�SURFHVV��7KH�PDQXDO�KDV�WHQ�FKDSWHUV��ILYH�DSSHQGLFHV��D
JORVVDU\�DQG�DQ�LQGH[��$OO�DUH�GHVFULEHG�KHUH�LQ�EULHI�

&KDSWHU������$ERXW�7KLV�6RIWZDUH�«�GHVFULEHV�WKH�PDLQ�IHDWXUHV�RI�WKH�SURJUDP
DQG�WKH�UHDOP�RI�SRVVLELOLWLHV�IRU�XVLQJ�%HDPOLQH�6LPXODWRU�

&KDSWHU������:KDW·V�,Q�7KH�0DQXDO"�«�VKRXOG�UDLVH�\RXU�DZDUHQHVV�RI�KRZ�WKH
PDQXDO�LV�RUJDQL]HG�DQG�JLYH�\RX�VRPH�VWUDWHJLHV�IRU�EHVW�XVH�

&KDSWHU������6WDUWLQJ�%HDPOLQH�6LPXODWRU�«�OHDGV�\RX�VWHS�E\�VWHS�WKURXJK
ORDGLQJ�DQG�UXQQLQJ�WKH�SURJUDP��DQG�XQLQVWDOOLQJ�ZKHQ�\RX�QR�ORQJHU�QHHG�LW�
&KDSWHU������8VLQJ�WKH�7XWRULDOV�«�FRQWDLQV�WZR�LQWHUDFWLYH�WXWRULDOV�DQG�D
TXHVWLRQ�DQG�DQVZHU�IRUXP��,I�\RX�DUH�QHZ�WR�%HDPOLQH�6LPXODWRU��ZH�VXJJHVW
WKDW�\RX�DW�OHDVW�FRPSOHWH�WKH�ILUVW�WXWRULDO�EHIRUH�GLYLQJ�LQWR�WKH�SURJUDP�
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7KH�ILUVW�WXWRULDO��FDOOHG�¶5XQQLQJ�DQG�5HDO�7LPH�7XQLQJ�3URFHGXUHV·��ZDONV�\RX
WKURXJK�WKH�SURJUDP�EDVLFV��<RX·OO�ORRN�DW�D�VDPSOH�EHDPOLQH��DGG�DQ�HOHPHQW�DQG
WXQH�XVLQJ�WKH�9DU\�3DUDPHWHU�:LQGRZ�³�D�NH\�IHDWXUH�RI�WKH�VRIWZDUH��<RX·OO
DOVR�FKDQJH�WKH�EHDP�VRXUFH�IURP�HQYHORSH�W\SH�WR�PXOWL�SDUWLFOH�W\SH��UXQ�WKH
EHDPOLQH�DQG�ORRN�LQ�WKH�&ROOLPDWRU�:LQGRZ�IRU�EHDP�VSLOO�LQIRUPDWLRQ�
7KURXJKRXW�WKLV�SURFHVV�\RX�ZLOO�WUDFN�\RXU�SURJUHVV�WKURXJK�WKH�SORWV�LQ�WKH
JUDSKLFV�ZLQGRZV�

7KH�VHFRQG�WXWRULDO�FDOOHG�¶$XWRPDWLF�7XQLQJ�8VLQJ�WKH�&RQVWUDLQW�$OJRULWKP·�LV
IRU�WKRVH�KDYLQJ�DWWDLQHG�D�EDVLF�NQRZOHGJH�RI�%HDPOLQH�6LPXODWRU��,Q�WKLV�WXWRULDO
\RX�ZLOO�JDLQ�H[SHULHQFH�XVLQJ�WKH�DXWRPDWLF�WXQLQJ�FDSDELOLWLHV�LQ�WKH�SURJUDP��,Q
D�EURDG�VHQVH�DXWRPDWLF�WXQLQJ�LV�D�WKUHH�VWHS�SURFHVV��8VLQJ�D�)RUP�)LOO�,Q�GLDORJ
ER[��\RX�ZLOO�GHILQH�WKH�HOHPHQW�SDUDPHWHU�V��\RX�ZLVK�WR�YDU\��1H[W�\RX�ZLOO
GHILQH�D�FRQVWUDLQW�RQ�WKH�EHDP�KDOI�VL]HV�RU�RQ�WKH�FXPXODWLYH�WUDQVSRUW�PDWUL[
YDOXHV�XVLQJ�WKH�&RQVWUDLQW�)RUP�)LOO�,Q�GLDORJ�ER[��)LQDOO\�\RX�ZLOO�UXQ�WKH
SURJUDP�DQG�YLHZ�WKH�UHVXOWV��,W·V�D�ELW�PRUH�FRPSOLFDWHG�WKDQ�LW�VRXQGV�VR�ZH
DJDLQ�ZDON�\RX�VWHS�E\�VWHS�WKURXJK�LW�

&KDSWHU������'HILQLQJ�WKH�%HDP�6RXUFH�«�GHVFULEHV�KRZ�WR�GHILQH�D�EHDP
VRXUFH�RI�\RXU�FKRLFH��7KH�RSWLRQV�LQFOXGH��%HDP�7\SH�³�HQYHORSH�RU�PXOWL�
SDUWLFOH��*HQHUDO�%HDP�,QIRUPDWLRQ�³�QDPH��HQHUJ\��PDVV��FKDUJH��DQG�QXPEHU
RI�SDUWLFOHV��0D[LPXP�%HDP�+DOI�6L]HV�³��;��;
��<��<
��DQG�∆��DQG�EHDP�SKDVH
VSDFH�WLOW�DQJOHV�

&KDSWHU������7KH�,RQ�2SWLFDO�(OHPHQWV�«�LQWURGXFHV�WKH�LRQ�RSWLFDO�HOHPHQWV
QDPHG�'LSROH��'ULIW�/HQJWK��1RQ�6WDQGDUG��3HUWXUEDWLRQ��4XDGUXSROH��6ROHQRLG
7KLQ�/HQV�DQG�5RWDWLRQ��SOXV�WKH�&RQVWUDLQW�LFRQ��,W�GHVFULEHV�LFRQ�PDQDJHPHQW
VXFK�DV�KRZ�WR�LQVHUW��FXW�DQG�SDVWH��UHDUUDQJH�DQG�GHOHWH�LFRQV��,W�DOVR�GHVFULEHV
WKH�XVH�RI�WKH�)RUP�)LOO�,Q�'LDORJ�ER[HV�IRU�WKH�HOHPHQWV�DQG�FRQVWUDLQWV�

&KDSWHU������'LDJQRVWLF�7RROV�«�GHVFULEHV�KRZ�WR�XVH�WKH�$SHUWXUH�)RUP�)LOO�,Q
WR�HQWHU�GDWD�DERXW�WKH�EHDP�SLSHV��FROOLPDWRUV�DQG�YDFXXP�ER[HV��,W�DOVR
GHVFULEHV�KRZ�WR�SODFH�WKH�&URVV�6HFWLRQ�3ORW�DQG�(QG�5XQ�LFRQV�WR�JHQHUDWH�WKH
GDWD�\RX�UHTXLUH��)LQDOO\��LW�GHVFULEHV�WKH�XVH�RI�WKH�*HW�6\VWHP�0HWULFV�LFRQ�WR
SXOO�LQIRUPDWLRQ�DERXW�WKH�EHDP�SDUDPHWHUV��WKH�V\VWHP�PDWULFHV��ERWK�WKH
FXPXODWLYH�EHDP�VLJPD�PDWUL[�DQG�WKH�FXPXODWLYH�WUDQVSRUW�PDWUL[��DQG�WKH
SDUWLFOHV��IURP�DQ\ZKHUH�DORQJ�WKH�EHDPOLQH�

&KDSWHU������*UDSKLFV�0DQDJHPHQW�«�SURYLGHV�VRPH�H[DPSOHV�RI�W\SLFDO
ORQJLWXGLQDO��FURVV�VHFWLRQDO�DQG�LQWHQVLW\�SORWV��,W�DOVR�SURYLGHV�D�VWHS�E\�VWHS
SURFHGXUH�ZLWK�VFUHHQ�SULQWV�DQG�GHVFULSWLRQ�WR�KHOS�\RX�FUHDWH�TXDOLW\�JUDSKLFV
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SORWV�³�SORWV�WKDW�SURYLGH�WKH�LQIRUPDWLRQ�\RX�QHHG�DQG�WKDW�DOVR�ORRN�JRRG
ZKHQ�SULQWHG�

&KDSWHU������9LHZLQJ�7H[W�5HDGRXWV�«�JLYHV�LQIRUPDWLRQ�DERXW�WZR�YHU\
LPSRUWDQW�WH[W�UHDGRXW�ZLQGRZV��WKH�&ROOLPDWRU�:LQGRZ�DQG�WKH�%HDP�7UDQVSRUW
6\VWHP�:LQGRZ��7KH�&ROOLPDWRU�:LQGRZ�VKRZV�WKH�SHUFHQW�EHDP�VSLOO�RI
UHDGEDFN�DQG�QRQ�UHDGEDFN�DSHUWXUHV��ZKLOH�WKH�%HDP�7UDQVSRUW�6\VWHP�:LQGRZ
VKRZV�D�IXOO�OLVWLQJ�RI�DOO�EHDPOLQH�HOHPHQWV�DQG�WKHLU�SURSHUWLHV��SOXV�DOO�WKH�EHDP
PDWULFHV�DQG�FXPXODWLYH�WUDQVSRUW�PDWULFHV�DORQJ�WKH�EHDPOLQH�

&KDSWHU�������&RPPDQG�DQG�7RRO�5HIHUHQFH�«�JLYHV�D�EULHI�GHVFULSWLRQ�RI�WKH
FXUVRU�DFWLRQV�DQG�VRIWZDUH�WHUPLQRORJ\�XVHG�LQ�WKH�PDQXDO��,W�DOVR�GHVFULEHV�DOO
WKH�FRPPDQGV�DQG�WRROV�IURP�WKH�*HQHUDO�:LQGRZ��WKH�%DVH�$SSOLFDWLRQ
:LQGRZ��WKH�9DU\�3DUDPHWHU�:LQGRZ�DQG�WKH�6HTXHQWLDO�%HDP�,FRQ�:LQGRZ�
7KH�ILQDO�VHFWLRQ�UHSHDWV�LQIRUPDWLRQ�IURP�&KDSWHU�����DERXW�PDQDJLQJ�LFRQV�
7KLV�LQIRUPDWLRQ�DSSOLHV�WR�DOO�LFRQV��QRW�MXVW�WKRVH�GHVFULEHG�LQ�&KDSWHU�����

$SSHQGLFHV
7KH�ILYH�DSSHQGLFHV�DW�WKH�HQG�RI�WKH�PDQXDO�DUH�

$SSHQGL[�$�²�8QLWV�RI�0HDVXUHPHQW�«�JLYHV�WKH�XQLWV�XVHG�LQ�WKH�VRIWZDUH�IRU
RSWLFDO�SDUDPHWHUV��SDUWLFOHV��EHDP�KDOI�VL]HV�DQG�WKH�JUDSKLFV�SORWV�

$SSHQGL[�%�²�7KH�5HVRXUFH�:LQGRZ�«�VKRZV�KRZ�PHPRU\�LV�DOORFDWHG�WR�WKH
VRIWZDUH�DQG�DOVR�GLVSOD\V�WKH�WLPH�

$SSHQGL[�&�²�7KH�0DWUL[�:LQGRZ�«�LV�D�PDWUL[�PXOWLSOLFDWLRQ�FDOFXODWRU�

$SSHQGL[�'�²�6\VWHP�5HTXLUHPHQWV�«�VKRZV�WKH�PLQLPXP�DQG�VXJJHVWHG�XVH�RI
KDUGZDUH�DQG�VRIWZDUH�IRU�%HDPOLQH�6LPXODWRU�

$SSHQGL[�(�²�,RQ�2SWLFV�7HFKQLFDO�1RWHV�«��FRQWDLQV�EDFNJURXQG�LRQ�RSWLFV
IRUPXODH�DQG�D�VKRUW�OLVW�RI�UHODWHG�UHIHUHQFH�SDSHUV�

*ORVVDU\�«�FRQWDLQV�WKH�GHILQLWLRQV�RI�NH\�ZRUGV�XVHG�LQ�WKH�WH[W�

,QGH[�«�LV�D�OLVW�RI�NH\�ZRUGV�IRXQG�LQ�WKH�PDQXDO�ZLWK�WKHLU�DVVRFLDWHG�SDJH
QXPEHU�V��

:KHUH�WR�EHJLQ"�,I�\RX�KDYHQ·W�ORDGHG�WKH�VRIWZDUH�\HW��VWDUW�DW�&KDSWHU�����
2WKHUZLVH�JR�WR�&KDSWHU�����DQG�EHJLQ�WKH�ILUVW�WXWRULDO��+DYH�IXQ�
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�����6WDUWLQJ�%HDPOLQH�6LPXODWRU
3.1  Security

,I�\RX�DUH�QRW�\HW�D�UHJLVWHUHG�XVHU�RI�%HDPOLQH�6LPXODWRU��\RXU�SURJUDP�GLVN�ZLOO
DOORZ�RQO\����UXQV��$IWHU�WKDW�\RX�PXVW�FRQWDFW�'HKQHO�&RQVXOWLQJ�/WG��WR�DUUDQJH
IRU�UHJLVWHUHG�XVHU�VWDWXV�DQG�D�SDVVZRUG�

1RWH�WKDW�GHPR�XVDJH�LV�ORJJHG�DQG�GLVSOD\HG�LQ�D�ZHOFRPH�ZLQGRZ�HDFK�WLPH
%HDPOLQH�6LPXODWRU�LV�UHVWDUWHG�

3.2  Installing the Software
&RS\�WKH�SURJUDP�ILOHV�WR�WKH�QHZ�IROGHU�

�� &OLFN�� ��DW�WKH�ERWWRP�OHIW�RQ�\RXU�VFUHHQ�

�� )LQG�DQG�RSHQ�:LQGRZV�([SORUHU�

�� ,QVHUW�WKH�%HDPOLQH�6LPXODWRU�GLVN�LQWR�\RXU��ó

�������0E�IORSS\
�����GULYH�

�� ,Q�WKH�OHIW�IUDPH�RI�WKH�([SORUH�ZLQGRZ��FOLFN��GUDJ�DQG�GURS
������ó�)ORSS\�^$�`�RQWR�WKH�KDUG�GULYH�RI�\RXU�FKRLFH�

3.3  Uninstalling the Software

�� &OLFN�� ��DW�WKH�ERWWRP�OHIW�RI�\RXU�VFUHHQ�

�� )LQG�DQG�RSHQ�:LQGRZV�([SORUHU�

�� 6HOHFW�WKH�DSSURSULDWH�KDUG�GULYH�

�� 6HOHFW�WKH�%HDPOLQH�6LPXODWRU�9HUVLRQ�����IROGHU�

�� ,Q�WKH�([SORUH�EDVH�PHQX�VHOHFW�)LOH�'HOHWH�

3.4  Running the Program

�� &OLFN�� �DW�WKH�ERWWRP�OHIW�RQ�\RXU�VFUHHQ�

�� )LQG�DQG�RSHQ�:LQGRZV�([SORUHU�

�� ,Q�WKH�OHIW�IUDPH�RI�WKH�([SORUH�ZLQGRZ��VHOHFW�WKH�DSSURSULDWH�KDUG
�����GULYH�WR�UHYHDO�WKH�IROGHUV�

�� 'RXEOH�FOLFN�%HDPOLQH�6LPXODWRU�9HUVLRQ�����WR�UHYHDO�WKH�ILOHV�

�� 'RXEOH�FOLFN�%HDPOLQH6LPXODWRU�H[H�WR�UXQ�WKH�SURJUDP�
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�����8VLQJ�WKH�7XWRULDOV
4.1  Running and Real-Time Tuning Procedures

,Q�WKLV�LQWHUDFWLYH�WXWRULDO�ZH�OHDG�\RX�VWHS�E\�VWHS�WKURXJK�VRPH�RI�WKH�NH\
IHDWXUHV�RI�D�VDPSOH�EHDPOLQH��:H�WKHQ�DVN�\RX�WR�FKDQJH�WKH�EHDPOLQH�DQG
REVHUYH�ZKDW�KDSSHQV�

Starting Beamline Simulator

�� &OLFN�� �DW�WKH�ERWWRP�OHIW�RQ�\RXU�VFUHHQ�

�� )LQG�DQG�RSHQ�:LQGRZV�([SORUHU�

�� ,Q�WKH�OHIW�IUDPH�RI�WKH�([SORUH�ZLQGRZ��VHOHFW�WKH�DSSURSULDWH�KDUG
�����GULYH�WR�UHYHDO�WKH�IROGHUV�

�� 'RXEOH�FOLFN�%HDPOLQH�6LPXODWRU�9HUVLRQ�����WR�UHYHDO�WKH�ILOHV�

�� 'RXEOH�FOLFN�%HDPOLQH6LPXODWRU�H[H�WR�UXQ�WKH�SURJUDP�

�� &OLFN�2.�WR�FORVH�WKH�:HOFRPH�:LQGRZ�

,I�\RX�DUH�QRW�\HW�D�UHJLVWHUHG�XVHU�RI�%HDPOLQH�6LPXODWRU��\RXU�SURJUDP�GLVN�ZLOO
DOORZ�RQO\����UXQV��$IWHU�WKDW�\RX�PXVW�FRQWDFW�'HKQHO�&RQVXOWLQJ�/WG��WR�DUUDQJH
IRU�UHJLVWHUHG�XVHU�VWDWXV�DQG�D�SDVVZRUG�

1RWH�WKDW�GHPR�XVDJH�LV�ORJJHG�DQG�GLVSOD\HG�LQ�D�ZHOFRPH�ZLQGRZ�HDFK�WLPH
%HDPOLQH�6LPXODWRU�LV�UHVWDUWHG�

Introducing the Windows

<RX�ZLOO�VHH�IRXU�ZLQGRZV�RQ�WKH�VFUHHQ��7KH�WRS�ZLQGRZ�LV�FDOOHG�WKH�%DVH
$SSOLFDWLRQ�:LQGRZ��7KLV�ZLQGRZ�FRQWDLQV�WKH�)LOH��(GLW��:LQGRZ�
5XQ�2SWLRQV�DQG�+HOS�PHQXV��7KHUH�LV�DOVR�D�7RROEDU�EHORZ�WR�VLPSOLI\�DFFHVV
WR�VRPH�RI�WKH�PHQX�LWHPV��)RU�PRUH�LQIRUPDWLRQ�RQ�WKH�%DVH�$SSOLFDWLRQ
:LQGRZ��VHH�WKH�&RPPDQG�	�7RRO�5HIHUHQFH��SDJH����WR�����
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7KH�PLGGOH�ZLQGRZV�DUH�FDOOHG�*UDSKLFV�3ORW�:LQGRZV��7KHVH�ZLQGRZV�JLYH
ORQJLWXGLQDO��FURVV�VHFWLRQDO�RU�LQWHQVLW\�SORWV�IRU�HDFK�EHDPOLQH�UXQ��7R�UHDG
DERXW�WKH�YDULRXV�RSWLRQV�DYDLODEOH�IRU�SORWV�VHH�&KDSWHU�����*UDSKLFV
0DQDJHPHQW�

7KH�ERWWRP�ZLQGRZ�LV�FDOOHG�WKH�6HTXHQWLDO�%HDP�,FRQ�:LQGRZ�RU�6%,�:LQGRZ�
<RX�ZLOO�VSHQG�PRVW�RI�\RXU�WLPH�ZRUNLQJ�LQ�WKLV�ZLQGRZ��+HUH�\RX�ZLOO�GHILQH
WKH�EHDP�VRXUFH��VHOHFW�DQG�DUUDQJH�LRQ�RSWLFDO�HOHPHQWV�DV�WKH\�PLJKW�DSSHDU�LQ�D
UHDO�EHDP�WUDQVSRUW�V\VWHP�DQG�VHW�XS�WKH�GLDJQRVWLF�GHYLFH�DSHUWXUHV��)RU�PRUH
LQIRUPDWLRQ�VHH�&KDSWHU�����'HILQLQJ�WKH�%HDP�6RXUFH��&KDSWHU�����7KH�,RQ�
2SWLFDO�(OHPHQWV��DQG�&KDSWHU�����'LDJQRVWLF�7RROV�

1RWH�WKDW�WKH�DFWLYH�ZLQGRZ�LV�LGHQWLILHG�E\�D�QDY\�EOXH�WLWOH�EDU��DQG�WKH�LQDFWLYH
ZLQGRZV�E\�GDUN�JUD\�WLWOH�EDUV��7KHVH�FRORUV�DUH�W\SLFDO�RI�PRVW�FRPSXWHU�GHIDXOW
FRORU�VHWWLQJV�

Running the Sample Beam

�� 7R�RSHQ�WKH�VDPSOH�ILOH�FOLFN�)LOH�DQG�VHOHFW�2SHQ�RU�FOLFN��
������%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU��

�� &OLFN��6DPSOH��EOQ�

�� &OLFN�WKH��2SHQ��EXWWRQ�

)RU�WKH�QH[W�SURFHGXUHV�WKH�%DVH�$SSOLFDWLRQ�:LQGRZ�VKRXOG�KDYH�WKH�ILOH�QDPH
¶6DPSOH��EOQ·�LQ�LWV�WLWOH�EDU�DQG�WKH�6%,�:LQGRZ�VKRXOG�ORRN�OLNH�WKH�GUDZLQJ
EHORZ�

��� 7R�LQLWLDWH�WKH�UXQ�DOJRULWKP�FOLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ
��������7RROEDU�UXQ�EXWWRQ��

7KH�UXQ�DOJRULWKP�LV�WKH�FHQWUDO�QXPHULFDO�HQJLQH�IRU�WKH�VRIWZDUH��%DVLFDOO\�LW
WUDQVODWHV�DOO�LQIRUPDWLRQ�LQ�WKH�6%,�:LQGRZ�LQWR�EHDP�RU�WUDQVSRUW�PDWULFHV��7KH
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UXQ�DOJRULWKP�WKHQ�GLUHFWV�VSHFLILF�LQIRUPDWLRQ�WR�HDFK�ZLQGRZ�VR�WKDW�\RX�FDQ
YLHZ�WKH�LQIRUPDWLRQ�LQ�GLIIHUHQW�ZD\V�

,W·V�LPSRUWDQW�WR�UHPHPEHU�WKDW�DQ\�FKDQJH�PDGH�LQ�WKH�6%,�:LQGRZ�ZLOO�QRW�EH
UHIOHFWHG�LQ�WKH�RWKHU�ZLQGRZV�XQWLO�WKH�EHDPOLQH�KDV�EHHQ�UXQ��6R��DIWHU�\RX
PDNH�FKDQJHV�LQ�WKH�6%,�:LQGRZ�\RX�PXVW�UHUXQ�WKH�EHDPOLQH�WR�VHH�WKH
FKDQJHV�LQ�WKH�RWKHU�JUDSKLFV�ZLQGRZV�

Viewing the Graphics

��/RQJLWXGLQDO�3ORW

Beam Envelope

Cross-Section Plot
Z Position Indicator
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��&URVV�6HFWLRQDO�3ORW

7KH�*UDSKLFV�:LQGRZV�QRZ�VKRZ�WKH�ORQJLWXGLQDO�DQG�FURVV�VHFWLRQDO�SORWV�IRU
WKH�FXUUHQW�EHDPOLQH��7KH�ZKLWH�OLQHV�VKRZ�WKH�RXWHU�H[WHQWV�RI�WKH�EHDP��DOVR
FDOOHG�WKH�EHDP�HQYHORSH��DQG�WKH�JUHHQ�OLQHV�VKRZ�WKH�LQQHU�GLDPHWHUV�RI�WKH
SK\VLFDO�EHDPOLQH�DSHUWXUHV���H�J���WKH�EHDP�SLSH��FROOLPDWRUV��YDFXXP�ER[HV��HW
FHWHUD��

1RWLFH�WKDW�LQ�WKH�ORQJLWXGLQDO�;�YV�=�SORW�WKH�EHDP�VSUHDGV�RXW�SDVW�WKH
EHDPOLQH�DSHUWXUH�DW�WKH�ULJKW�HQG�RI�WKH�SORW��DQG�LQ�WKH�FURVV�VHFWLRQDO�<�YV�;
SORW�WKH�EHDP�LV�RXWVLGH�WKH�DSHUWXUH�DORQJ�WKH�;�D[LV�

7KH�FURVV�VHFWLRQDO�SORW�LV�DOZD\V�SURGXFHG�DW�WKH�=�FR�RUGLQDWH�RI�WKH�&URVV�
6HFWLRQ�3ORW�LFRQ��IRXQG�LQ�WKH�6%,�:LQGRZ���,WV�SRVLWLRQ�LV�VKRZQ�DV�D�\HOORZ
YHUWLFDO�OLQH�LQ�WKH�ORQJLWXGLQDO�SORW�

,Q�WKH�QH[W�WKUHH�VHFWLRQV�ZH�OHDG�\RX�WKURXJK�D�UHDO�WLPH�WXQLQJ�H[DPSOH��<RX
ZLOO�DGG�RQH�TXDGUXSROH�PDJQHW�WR�WKH�VDPSOH�EHDPOLQH�VR�WKDW�\RX�FDQ�WXQH�WKH
EHDPOLQH�WR�ILW�ZLWKLQ�WKH�DSHUWXUH�RQ�WKH�H[WUHPH�ULJKW�

Adding a Quadrupole Magnet

��� 5LJKW�FOLFN�RQ�WKH�6%,�:LQGRZ��7KLV�ZLOO�EULQJ�XS�D�SRS�XS�PHQX
�����ZLWK�D�FKRLFH�RI�QHZ�HOHPHQWV�

��� 6HOHFW�1HZ�4XDGUXSROH��1RWLFH�WKDW�WKH�PRXVH�SRLQWHU�FKDQJHV
�����VKDSH�ZKHQ�SXOOHG�EDFN�LQWR�WKH�6%,�:LQGRZ��7KLV�LQGLFDWHV�WKDW
�����\RX�DUH�UHDG\�WR�LQVHUW�WKH�QHZ�HOHPHQW�

Aperture

Beam Envelope
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��� 3RVLWLRQ�WKH�FXUVRU�RYHU�WKH�IRXUWK�GULIW�OHQJWK�IURP�WKH�OHIW�

��� &OLFN�WKH�PRXVH�WR�LQVHUW�WKH�TXDGUXSROH��1RWLFH�WKDW�WKH�QHZ
�����TXDGUXSROH�ZDV�SODFHG�DIWHU�WKH�IRXUWK�GULIW�OHQJWK��$OVR�QRWLFH�WKH
�����UHG�EDUV�DERYH�DQG�EHORZ�WKH�TXDGUXSROH��7KLV�PHDQV�WKDW�WKH�QHZ
�����TXDGUXSROH�LFRQ�LV�DOVR�WKH�FXUUHQW�LFRQ�

1RWH����DQ\�QHZ�HOHPHQW�WKDW�LV�LQVHUWHG�RU�DGGHG�WR�WKH�6%,�:LQGRZ�ZLOO
�������������EH�KLJKOLJKWHG�ZLWK�UHG�EDUV��,W�EHFRPHV�WKH�FXUUHQW�LFRQ��<RX�FDQ�
�������������DW�DQ\�WLPH��PDNH�D�GLIIHUHQW�LFRQ�FXUUHQW�VLPSO\�E\�FOLFNLQJ�RQ�LW�

,03257$17�127(��<RX�PXVW�SODFH�WKH�QHZ�TXDGUXSROH�LQ�WKH
��������������FRUUHFW�SRVLWLRQ�LQ�WKH�6%,�:LQGRZ�RU�\RX�ZLOO�127�JHW�WKH�VDPH
��������������GHPR�UHVXOWV��,I�\RX�GLG�QRW�SODFH�WKH�TXDGUXSROH�LQ�WKH�SRVLWLRQ
��������������LQGLFDWHG�LQ�WKH�DERYH�ILJXUH��GUDJ�DQG�GURS�LW�WR�WKH�FRUUHFW
��������������SRVLWLRQ�QRZ��5HPHPEHU�WKDW�\RX�PXVW�GURS�WKH�TXDGUXSROH�RQ
��������������WKH�IRXUWK�GULIW�OHQJWK�IURP�WKH�OHIW�VR�WKDW�LW�DSSHDUV�WR�WKH
��������������LPPHGLDWH�ULJKW�RI�WKDW�GULIW�OHQJWK�

��� 7R�UHUXQ�WKH�EHDPOLQH�FOLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ��
�����7RROEDU�UXQ�EXWWRQ���7KLV�ZLOO�XSGDWH�WKH�UHVW�RI�WKH�ZLQGRZV�
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Viewing the Graphics Again

�/RQJLWXGLQDO�3ORW

��&URVV�6HFWLRQDO�3ORW

$IWHU�DGGLQJ�WKH�TXDGUXSROH�PDJQHW�WKH�EHDP�KDV�EHHQ�IRFXVHG�KRUL]RQWDOO\�DQG
VOLJKWO\�GH�IRFXVHG�YHUWLFDOO\��7KH�ULJKW�HQG�RI�WKH�ORQJLWXGLQDO�SORW�VKRZV�WKDW�WKH
ODVW�DSHUWXUH�LV�VWLOO�LUUDGLDWHG�ZLWK�PXFK�RI�WKH�EHDP��$OVR��WKH�FURVV�VHFWLRQDO
SORW�FRQILUPV�WKDW�WKH�EHDP�LV�VWLOO�RXWVLGH�WKH�DSHUWXUH�DORQJ�WKH�;�D[LV��,Q�WKH
QH[W�VHFWLRQ�\RX�ZLOO�ILQG�D�EHWWHU�WXQH�E\�YDU\LQJ�WKH�4XDGUXSROH�²�3ROH�7LS
)LHOG�6WUHQJWK�

Spill Areas



���������8VLQJ�%HDPOLQH�6LPXODWRU

��������� � �9� ��

Real-Time Tuning With the Quadrupole Magnet

��� 'RXEOH�FOLFN�WKH�4XDGUXSROH�LFRQ�WKDW�\RX�MXVW�LQVHUWHG�LQWR�WKH
�����6%,�:LQGRZ��7KLV�EULQJV�XS�WKH�4XDGUXSROH�)RUP�)LOO�,Q�ZKLFK
�����DOORZV�\RX�WR�UH�GHILQH�WKH�TXDGUXSROH�SDUDPHWHUV�

��� &OLFN�� ��IRU�WKH�3ROH�7LS�)LHOG�6WUHQJWK�SDUDPHWHU�

��� &OLFN�� ���/RRN�LQ�WKH�6%,�:LQGRZ�EHORZ�WKH�4XDGUXSROH
������LFRQ��7KHUH�LV�D�9�WDJ�ZKLFK�PHDQV�WKDW�WKH�LFRQ�KDV�D�SDUDPHWHU
������WKDW�\RX�FKRVH�WR�YDU\�

��� &OLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU���7KLV�ZLOO�EULQJ
�����WKH�9DU\�3DUDPHWHU�:LQGRZ�WR�WKH�FHQWHU�RI�WKH�VFUHHQ�

��� &OLFN�� ��WR�YLHZ�WKH�IXOO�ZLQGRZ�

��� 6FUROO�IXOO�ULJKW�LQ�WKH�6%,�:LQGRZ�
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��� 'RXEOH�FOLFN�� ��WKH�&RQVWUDLQW�LFRQ�WR�EULQJ�XS�WKH
�����&RQVWUDLQW�)RUP�)LOO�,Q�²�9DULDEOH�3DUDPHWHUV�SDJH��1RWH�WKDW�WKH
�����ILUVW�OLQH�VKRZV�WKH�YDOXHV�IRU�WKH�4XDGUXSROH�²�3ROH�7LS�)LHOG
�����6WUHQJWK��+HUH�\RX�FDQ�VHW�WKH�0D[LPXP��0LQLPXP��6PDOO�6WHS��DQG
�����%LJ�6WHS�YDOXHV��7KH�0D[LPXP�DQG�0LQLPXP�YDOXHV�VHW�ERXQGDULHV
�����IRU�KRZ�IDU�WKH�SDUDPHWHU�ZLOO�YDU\��DQG�WKH�6PDOO�DQG�%LJ�6WHS
�����YDOXHV�GHWHUPLQH�KRZ�PXFK�RI�D�MXPS�DSSOLHV�WR�HDFK�VWHS�ZKHQ
�����WXQLQJ�ZLWK�WKH�9DU\�3DUDPHWHU�:LQGRZ�

1RWH����:H�DVNHG�\RX�WR�RSHQ�WKLV�ZLQGRZ�VR�\RX�ZRXOG�VHH�WKH�GLUHFW
�������������UHODWLRQVKLS�EHWZHHQ�WKH�9DU\�3DUDPHWHU�:LQGRZ�DQG�WKH
�������������&RQVWUDLQW�LFRQ��%RWK�RIIHU�ZD\V�WR�WXQH��7KH�9DU\�3DUDPHWHU
�������������:LQGRZ�LV�XVHG�IRU�KDQGV�RQ�WXQLQJ�RI�RQH�HOHPHQW�DW�D�WLPH
�������������ZKLOH�WKH�&RQVWUDLQW�LFRQ�RIIHUV�DXWRPDWLF�WXQLQJ�IRU�DV�PDQ\
�������������YDULDEOH�SDUDPHWHUV�DQG�HOHPHQWV�DV�\RX�ZLVK��,Q�WKH�ODWWHU�FDVH
�������������WKH�FRQVWUDLQW�DOJRULWKP�WULHV�PDQ\�GLIIHUHQW�¶WXQLQJV·�DQG�VHOHFWV
�������������WKH�EHVW�VROXWLRQ�IRU�DQ\�LPSRVHG�FRQVWUDLQWV�

��� &OLFN�� ��WR�FORVH�WKH�&RQVWUDLQW�)RUP�)LOO�,Q�

��� (QVXUH�WKDW�WKH�4XDGUXSROH�LFRQ�LV�WKH�FXUUHQW�LFRQ��5HPHPEHU�WKDW
�����WKH�FXUUHQW�LFRQ�KDV�UHG�EDUV�DERYH�DQG�EHORZ�LW�

��� ,Q�WKH�9DU\�3DUDPHWHU�:LQGRZ��FOLFN�RQH�RI�WKH�XS�GRZQ�DUURZ
�����EXWWRQV�WR�YDU\�WKH�4XDGUXSROH�²�3ROH�7LS�)LHOG�6WUHQJWK�SDUDPHWHU�
�����)RU�ERWK�WKH�XS�GRZQ�DUURZ�EXWWRQV��WKH�EOXH�DUURZ�PHDQV�D�ELJ
�����VWHS�DQG�WKH�UHG�DUURZ�PHDQV�D�VPDOO�VWHS��:DWFK�WKH�JUDSKLFV�SORWV
�����WR�VHH�WKH�FKDQJHV�WKDW�WDNH�SODFH��,W�LV�\RXU�WDVN�QRZ�WR�YDU\�WKH
�����TXDGUXSROH�ILHOG�VWUHQJWK�XQWLO�WKH�EHDP�LV�ZLWKLQ�WKH�DSHUWXUH�LQ�WKH
�����FURVV�VHFWLRQDO�SORW�

7XQLQJ�XS�ZLOO�IRFXV�WKH�;�D[LV�PRUH�ZKLOH�GHIRFXVLQJ�WKH�<�D[LV��7XQLQJ�GRZQ
ZLOO�FDXVH�WKH�TXDGUXSROH�WR�KDYH�OHVV�SRZHUIXO�IRFXVLQJ�DORQJ�WKH�;�D[LV�DQG�OHVV
SRZHUIXO�GHIRFXVLQJ�DORQJ�WKH�<�D[LV�
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�����/RQJLWXGLQDO�SORW�DIWHU�YDU\LQJ�WKH�TXDGUXSROH�ILHOG�VWUHQJWK�

����&URVV�VHFWLRQDO�SORW�DIWHU�YDU\LQJ�WKH�TXDGUXSROH�ILHOG�VWUHQJWK�

��� &OLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU���7KLV�ZLOO�KLGH
�����WKH�9DU\�3DUDPHWHU�:LQGRZ�
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Running a Multi-Particle Beam

$�PXOWL�SDUWLFOH�EHDP�ZLOO�VKRZ�EHDP�VSLOO�FOHDUO\�

��� 6FUROO�IXOO�OHIW�LQ�WKH�6%,�:LQGRZ�

��� 'RXEOH�FOLFN�� ���6%,�:LQGRZ���7KLV�EULQJV�XS�WKH�%HDP
�����6RXUFH�)RUP�)LOO�,Q�GLDORJ�ER[�

��� 8QGHU�¶%HDP�7\SH·�FOLFN�0XOWL�3DUWLFOH��8QGHU�¶0XOWL�3DUWLFOH
�����*HQHUDWLRQ·�OHDYH�WKH�VHWWLQJ�DV�LV�

��� &OLFN�� ��

��� 5XQ� ��WKH�EHDPOLQH�DJDLQ��%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU��

:KHQ�\RX�UXQ�WKH�EHDP�LQ�SDUWLFOH�PRGH�\RX�JHW�GLIIHUHQW�LQIRUPDWLRQ�DERXW�WKH
EHDP��7KLV�WLPH�\RX�ZLOO�VHH�SDUWLFOH�WUDMHFWRULHV�DOO�WKH�ZD\�DORQJ�WKH�ORQJLWXGLQDO
SORW�DQG�D�VFDWWHU�RI�SDUWLFOHV�LQ�WKH�FURVV�VHFWLRQDO�SORW��1RWLFH�WKH�QDUURZ
DSHUWXUH�DW�= �����P�LQ�WKH�ORQJLWXGLQDO�SORW��6RPH�RI�WKH�SDUWLFOHV�DUH�VWRSSHG�RU
VSLOOHG�KHUH��7R�VHH�ZKDW�SHUFHQWDJH�RI�WKH�EHDP�ZDV�VSLOOHG�DW�WKDW�SRLQW�DQG�WR
GHWHFW�DQ\�RWKHU�EHDP�VSLOOV�DORQJ�WKH�EHDPOLQH�\RX�FDQ�ORRN�LQ�WKH�&ROOLPDWRU
:LQGRZ�

Viewing the Collimator Window

��� &OLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ���&ROOLPDWRU�:LQGRZ
�����7RJJOH��WR�EULQJ�XS�WKH�&ROOLPDWRU�:LQGRZ��7KH�ILUVW�OLQH�LQ�WKH
�����ZLQGRZ�¶7RWDO�6\VWHP�/RVV·�WHOOV�\RX�KRZ�PXFK�RI�WKH�EHDP�KDV
�����VSLOOHG�

��� 8VH�WKH�ULJKW�VLGH�VFUROO�WR�PRYH�WR�WKH�DSHUWXUH�QDPHG�¶6SLOO�+HUH·�
�����7KH�VSLOO�LV�PHDVXUHG�E\�D�7%/5�UHDGEDFN�W\SH�DSHUWXUH��7KLV
�����UHDGEDFN�W\SH�DSHUWXUH�NHHSV�WUDFN�RI�KRZ�PDQ\�SDUWLFOHV�KLW�WKH
�����7RS��%RWWRP��/HIW��DQG�5LJKW�

��� 6FUROO�IXUWKHU�GRZQ�DQG�\RX�ZLOO�VHH�¶1DPH��'HIDXOW�$SHUWXUH
�����3HUFHQW�/RVW��

1R5HDGEDFN

�·��7KH�SHUFHQW�VSLOOHG�SOXV�WKH
�����SHUFHQW�ORVW�WKURXJK�QRQ�UHDGEDFN�W\SH�DSHUWXUHV�VKRXOG�DGG�XS�WR
�����WKH�WRWDO�V\VWHP�ORVV�
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��� &OLFN�� ��WR�FORVH�WKH�&ROOLPDWRU�:LQGRZ�

Selecting Graphics Properties

(DFK�JUDSKLFV�ZLQGRZ�KDV�WKH�FDSDELOLW\�RI�GLVSOD\LQJ�D�YDULHW\�RI�SORWV�
��� 5LJKW�FOLFN�RQ�WKH�ULJKW�JUDSKLFV�ZLQGRZ�WR�EULQJ�XS�LWV�SRS�XS
�����PHQX�

��� 6HOHFW�3URSHUWLHV�WR�EULQJ�XS�WKH�3URSHUWLHV�1RWHERRN�ILUVW�SDJH
�����FDOOHG�¶*UDSK�7\SH·�

��� &OLFN�WKH�,QWHQVLW\�UDGLR�EXWWRQ�WR�VHH�DQ�LQWHQVLW\�SORW�

��� 8QGHU�*UDSK�7\SH�²�,QWHQVLW\�\RX�ZRXOG�QRUPDOO\�FKRRVH�WKH
�����EHDP�D[LV�WKDW�\RX�ZLVK�WR�YLHZ��1RWLFH�WKDW�WKH�;�D[LV�LV�DOUHDG\
�����VHOHFWHG��/HDYH�LW�DV�LV�

��� %HIRUH�DFFHSWLQJ�WKH�FKDQJHV�SOHDVH�IDPLOLDUL]H�\RXUVHOI�ZLWK�WKH
�����RWKHU�SDJHV�RI�WKH�3URSHUWLHV�1RWHERRN�

��� &OLFN�WKH�$FFHSW�EXWWRQ�WR�DFFHSW�WKH�FKDQJHV�\RX�KDYH�PDGH�WR�WKH
�����*UDSK�7\SH�

��� 5XQ�� ��WKH�EHDPOLQH��<RX�VKRXOG�QRZ�VHH�WKH�LQWHQVLW\�SORW�RI
�����WKH�GLVWULEXWLRQ�RI�SDUWLFOHV�DORQJ�WKH�;�D[LV��1RWH�WKDW�WKH�LQWHQVLW\
�����SORW�LV�SURGXFHG�DW�WKH�=�SRVLWLRQ�RI�WKH�&URVV�6HFWLRQ�3ORW�LFRQ
�����ZLWKLQ�WKH�6%,�:LQGRZ�

��� 5HSHDW�WKH�DERYH�SURFHGXUH�EXW�WKLV�WLPH�FKRRVH�D�ORQJLWXGLQDO�SORW
�����RI�W\SH�<�=�

��� 5XQ�� ��WKH�EHDPOLQH�DJDLQ�DQG�\RX�VKRXOG�VHH�D�SORW�RI�<�YV�=�LQ
�����WKH�JUDSKLFV�ZLQGRZ�

Introducing the Diagnostics

7KH�6\VWHP�0HWULFV�LFRQ�LV�XVHG�WR�GLVSOD\�EHDP�DQG�WUDQVSRUW�V\VWHP
LQIRUPDWLRQ�DW�D�VSHFLILF�SRLQW��=�FR�RUGLQDWH�SRVLWLRQ��LQ�WKH�EHDPOLQH��<RX�ZRXOG
QRUPDOO\�DGG�DV�PDQ\�6\VWHP�0HWULFV�LFRQV�DV�\RX�ZDQW�WR�WKH�EHDPOLQH�LQ�WKH
6%,�:LQGRZ��)RU�WKLV�H[DPSOH��OHDYH�WKH�6\VWHP�0HWULFV�LFRQ�ZKHUH�LW�LV��:H·OO
ORRN�DW�V\VWHP�PHWULFV�IURP�WKH�SUHYLRXV�UXQ�
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��� 'RXEOH�FOLFN�� ��WR�VHH�WKH�6\VWHP�3URSHUWLHV�SDJH��/RRN
�����XQGHU�%HDP�3DUDPHWHUV�DQG�\RX�ZLOO�VHH�WKH�EHDP�KDOI�VL]HV�
�����7KHVH�YDOXHV�DUH�REWDLQHG�DW�WKH�=�SRVLWLRQ�RI�WKH�FXUUHQW�6\VWHP
�����0HWULFV�LFRQ�

��� &OLFN�WKH�6\VWHP�0DWULFHV�WDE�DW�WKH�ERWWRP�WR�VHH�WKH
�����&XPXODWLYH�%HDP�6LJPD�0DWUL[��1RWLFH�WKDW�WKH�&XPXODWLYH
�����7UDQVSRUW�0DWUL[�VKRZV�RQO\�WKH�LGHQWLW\�PDWUL[��7KLV�LV�EHFDXVH
�����WKH�&XPXODWLYH�7UDQVSRUW�0DWULFHV�PHQX�LWHP�LV�QRW�WRJJOHG�RQ�

��� 7R�WRJJOH�RQ�WKH�&XPXODWLYH�7UDQVSRUW�0DWULFHV�FOLFN�5XQ�2SWLRQV
������%DVH�$SSOLFDWLRQ�:LQGRZ��DQG�WKHQ�WRJJOH�RQa&XPXODWLYH
�����7UDQVSRUW�0DWULFHV�

��� 5XQ�� ��WKH�EHDPOLQH�DJDLQ�

��� 5HSHDW�VWHSV����DQG����WR�YLHZ�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[�

��� <RX�PD\�DOVR�YLHZ�DOO�SDUWLFOH�YHFWRUV�E\�FOLFNLQJ�WKH�3DUWLFOHV�WDE�

,Q�VXPPDU\�WKH�6\VWHP�0HWULFV�LFRQ�LV�YHU\�XVHIXO�IRU�YLHZLQJ�WKH�EHDP�DQG
V\VWHP�PDWULFHV�DW�DQ\�SRLQW�DORQJ�WKH�EHDPOLQH�

J�<RX�KDYH�QRZ�FRPSOHWHG�WKH�WXWRULDO�RQ�5XQQLQJ�DQG�5HDO�7LPH�7XQLQJ
3URFHGXUHV��7R�UHLQIRUFH�ZKDW�\RX�KDYH�DOUHDG\�OHDUQHG�ZH�VXJJHVW�WKDW�\RX
VSHQG�VRPH�WLPH�SOD\LQJ�ZLWK�WKH�SURJUDP��,I�DW�DQ\�WLPH�\RX�ZLVK�WR�VWRS�D
PXOWL�SDUWLFOH�UXQ�RU�D�UXQ�XVLQJ�WKH�FRQVWUDLQW�DOJRULWKP��VLPSO\�FOLFN�WKH�6WRS

��EXWWRQ��,W�LV�ORFDWHG�WR�WKH�ULJKW�RI�WKH�5XQ�EXWWRQ�RQ�WKH�7RROEDU�

3OD\�ZLWK�WKH�5XQ�2SWLRQV�LQ�WKH�%DVH�$SSOLFDWLRQ�:LQGRZ��&KDQJH�WKH�JUDSKLFV
ZLQGRZ�SURSHUWLHV�DQG�WKH�RWKHU�HOHPHQWV�LQ�WKH�6%,�:LQGRZ��$V�\RX�WU\
GLIIHUHQW�WKLQJV�\RX�ZLOO�VHH�ZKDW�KDSSHQV�DQG�ZK\��,I�DW�DQ\WLPH�\RX�JHW�VWXFN�RQ
ZKDW�D�SDUWLFXODU�EXWWRQ�RU�PHQX�LWHP�GRHV��FKHFN�WKH�&RPPDQG�DQG�7RRO
5HIHUHQFH�LQ�WKH�EDFN�RI�WKH�PDQXDO�RU�WKH�FKDSWHUV�VSHFLILF�WR�WKH�EHDP�VRXUFH�
WKH�LRQ�RSWLFDO�HOHPHQWV��WKH�JUDSKLFV�ZLQGRZV�DQG�WKH�GLDJQRVWLFV��6R��GLYH�LQWR
LW���
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4.2  Automatic Tuning Using the Constraint Algorithm

$XWRPDWLF�7XQLQJ�8VLQJ�WKH�&RQVWUDLQW�$OJRULWKP�LV�DQ�DGYDQFHG�WXWRULDO�IRU
WKRVH�KDYLQJ�DWWDLQHG�D�EDVLF�NQRZOHGJH�RI�%HDPOLQH�6LPXODWRU��,I�WKLV�LV�\RXU�ILUVW
WLPH�XVLQJ�%HDPOLQH�6LPXODWRU�ZH�UHFRPPHQG�WKDW�\RX�VWDUW�DW�&KDSWHU���DQG
WKHQ�ZRUN�WKURXJK�&KDSWHU�����5XQQLQJ�DQG�5HDO�7LPH�7XQLQJ�3URFHGXUHV�
&KDSWHU�����LQFOXGHV�EDVLF�LQIRUPDWLRQ�DERXW�XVLQJ�WKH�ZLQGRZV��YLHZLQJ�DQG
LQWHUSUHWLQJ�WKH�JUDSKLFV��DGGLQJ�HOHPHQWV�DQG�YDU\LQJ�D�VLQJOH�HOHPHQW�SDUDPHWHU�
7KLV�WXWRULDO�UHDFKHV�ZHOO�EH\RQG�WKH�EDVLFV�

7KH�6ROYH�IRU�&RQVWUDLQWV�PHQX�LWHP�LV�IRXQG�XQGHU�5XQ�2SWLRQV�LQ�WKH�%DVH
$SSOLFDWLRQ�:LQGRZ��7KH�&RQVWUDLQW�LFRQ�LV�IRXQG�LQ�WKH�6%,�:LQGRZ�

7KH�%HDPOLQH�6LPXODWRU�SURJUDP�LV�FDSDEOH�RI�DXWRPDWLFDOO\�DGMXVWLQJ�DOO�EHDPOLQH
SDUDPHWHUV�WKDW�KDYH�EHHQ�GHILQHG�E\�WKH�XVHU�DV�EHLQJ�SHUPLVVLEOH�WR�YDU\��XQWLO
YDOXHV�DUH�IRXQG�WKDW�FDXVH�WKH�EHDPOLQH�WR�PHHW�XVHU�GHILQHG�FRQVWUDLQWV�RQ�WKH
V\VWHP��7ZR�PDLQ�H[DPSOHV�RI�WKLV�DUH�
• ZKHQ�WKH�XVHU�ZLVKHV�WKH�EHDP�WR�EH�FRQVWUDLQHG�WR�D�FHUWDLQ�VL]H�DW�VRPH
SRLQW�DORQJ�WKH�EHDPOLQH��RU

• ZKHQ�WKH�XVHU�ZLVKHV�WR�FRQVWUDLQ�HOHPHQWV�RI�WKH�FXPXODWLYH�WUDQVIHU�PDWUL[
WR�KDYH�D�FHUWDLQ�YDOXH�DW�D�VSHFLILF�SRLQW�LQ�WKH�V\VWHP�

7KH�DOJRULWKP�XVHG�WR�VROYH�IRU�FRQVWUDLQWV�LV�D�EUXWH�IRUFH�DOJRULWKP��)RU�HDFK
YDULDEOH�SDUDPHWHU��LW�WDNHV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�PD[LPXP�DQG�PLQLPXP
SHUPLVVLEOH�YDOXHV�DQG�GLYLGHV�WKLV�E\�WKH�PD[LPXP�QXPEHU�RI�LWHUDWLRQV�WR�\LHOG
D�VWHS�VL]H�IRU�VHDUFKLQJ�WKURXJK�SDUDPHWHU�VSDFH�

,W�WKHQ�WULHV�HYHU\�FRPELQDWLRQ�RI�VWHSV�XVLQJ�DOO�YDULDEOH�SDUDPHWHUV�DQG�UH�FDOFXODWHV
WKH�EHDP�DQG�FXPXODWLYH�WUDQVIHU�PDWULFHV�WR�VHH�LI�WKH\�DUH�ZLWKLQ�WKH�VSHFLILHG
DFFHSWDQFH�UDQJH��(YHQ�LI�DOO�FRQVWUDLQWV�DUH�QRW�PHW�LW�VWLOO�GLVSOD\V�WKH�EHVW�UHVXOWV
REWDLQHG��<RX�DUH�WKHQ�DVNHG�ZKHWKHU�\RX�ZLVK�WR�NHHS�WKH�YDOXHV�RU�GLVFDUG
WKHP��,I�\RX�FKRRVH�WR�NHHS�WKH�YDOXHV��WKH�DSSURSULDWH�EHDPOLQH�LFRQ
LQIRUPDWLRQ�LV�XSGDWHG�LQ�WKH�6%,�:LQGRZ�

&HQWUDO�WR�WKH�FRQVWUDLQW�DOJRULWKP�LV�WKH�SDUDPHWHU�FDOOHG�0D[LPXP�,WHUDWLRQV�
7KLV�SDUDPHWHU�GHILQHV�WKH�VL]H�RI�WKH�VWHSV�IRU�DOO�WKH�YDULDEOH�SDUDPHWHUV��,I�WKH
0D[LPXP�,WHUDWLRQV�SDUDPHWHU�LV�KLJK�WKHQ�WKH�DOJRULWKP�KDV�D�EHWWHU�FKDQFH�RI
ILQGLQJ�D�VROXWLRQ�IRU�WKH�EHDPOLQH��6LPLODUO\��LI�WKH�QXPEHU�RI�YDULDEOH�SDUDPHWHUV
LV�KLJK�\RX�KDYH�DQ�LQFUHDVHG�FKDQFH�RI�ILQGLQJ�D�VROXWLRQ��7KH�WUDGH�RII�LV�WLPH�
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7KH�PRUH�YDULDEOH�SDUDPHWHUV�DQG�LWHUDWLRQV�\RX�XVH�WKH�ORQJHU�WKH�UXQ�WDNHV��,Q
WKH�H[WUHPH��WKH�UXQ�LV�VR�VORZ�WKDW�LW�FRXOG�RFFXS\�\RXU�FRPSXWHU�IRU�KRXUV�

,Q�WKLV�WXWRULDO�ZH�JXLGH�\RX�LQ�WKH�HIIHFWLYH�XVH�RI�WKH�FRQVWUDLQW�DOJRULWKP��7KH
WXWRULDO�EHJLQV�DW�WKH�6WDUW�EXWWRQ�EHFDXVH�WKLV�ZLOO�LQLWLDOL]H�WKH�VRIWZDUH��7KLV�LV
RXU�RQO\�DVVXUDQFH�WKDW�\RX�ZLOO�KDYH�WKH�VDPH�VHWWLQJV�DV�ZH�GR�

Initializing the Software

�� &OLFN�� �DW�WKH�ERWWRP�OHIW�RQ�\RXU�VFUHHQ�

�� )LQG�DQG�RSHQ�:LQGRZV�([SORUHU�

�� ,Q�WKH�OHIW�IUDPH�RI�WKH�([SORUH�ZLQGRZ��VHOHFW�WKH�DSSURSULDWH�KDUG
�����GULYH�WR�UHYHDO�WKH�IROGHUV�

�� 'RXEOH�FOLFN�%HDPOLQH�6LPXODWRU�9HUVLRQ�����WR�UHYHDO�WKH�ILOHV�

�� 'RXEOH�FOLFN�%HDPOLQH6LPXODWRU�H[H�WR�UXQ�WKH�SURJUDP�

Opening and Running the Sample Beam

�� 7R�RSHQ�WKH�VDPSOH�ILOH�FOLFN�)LOH�DQG�VHOHFW�2SHQ�RU�FOLFN��
������%DVH�$SSOLFDWLRQ�:LQGRZ�DQG�7RROEDU��

�� &OLFN�6DPSOH��EOQ�

�� &OLFN�WKH��2SHQ��EXWWRQ�

)RU�WKH�QH[W�SURFHGXUHV�WKH�%DVH�$SSOLFDWLRQ�:LQGRZ�VKRXOG�KDYH�WKH�ILOH�QDPH
¶6DPSOH��EOQ·�LQ�LWV�WLWOH�EDU�DQG�WKH�6%,�:LQGRZ�VKRXOG�ORRN�OLNH�WKH�GUDZLQJ
EHORZ�

�� (QVXUH�WKDW�WKH�6ROYH�IRU�&RQVWUDLQWV�DOJRULWKP��5XQ�2SWLRQV
�����PHQX�LV�WRJJOHG�RII��QRW�FKHFNHG�RU�WLFNHG���7KLV�ILUVW�UXQ�LV�MXVW�WR
�����XSGDWH�WKH�ZLQGRZV�ZLWK�WKH�¶6DPSOH��EOQ·�ILOH�DQG�QRW�WR�VROYH�IRU
�����FRQVWUDLQWV�

��� 5XQ�� ��WKH�EHDPOLQH��%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU��
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Viewing the Graphics

7KHVH�DUH�WKH�VDPH�JUDSKV�\RX�VDZ�LQ�&KDSWHU�����5XQQLQJ�DQG�5HDO�7LPH
7XQLQJ�3URFHGXUHV��7KH�UXQ�VKRZV�WKH�EHDP��ZKLWH�OLQHV��H[WHQGLQJ�RXWVLGH�WKH
DSHUWXUHV��JUHHQ�OLQHV��RQ�WKH�IDU�ULJKW�RI�WKH�ORQJLWXGLQDO�SORW�DQG�DORQJ�WKH�;
D[LV�RI�WKH�FURVV�VHFWLRQDO�SORW�

��/RQJLWXGLQDO�3ORW

&URVV�6HFWLRQDO�3ORW

Apertures

Beam Envelope

Aperture

Beam Envelope
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,Q�WKH�QH[W�VHFWLRQ�\RX�ZLOO�DGG�D�4XDGUXSROH�PDJQHW�LFRQ��<RX·OO�WKHQ�XVH�WKH
&RQVWUDLQW�LFRQ�WR�DSSO\�FRQVWUDLQWV�WR�WKH�EHDP�LQ�ERWK�WKH�;�DQG�<�GLPHQVLRQV
QHDU�WKH�HQG�RI�WKH�EHDPOLQH��:KHQ�\RX�QH[W�UXQ�WKH�EHDPOLQH��YDULDWLRQV�LQ�WKH
TXDGUXSROH·V�SROH�WLS�ILHOG�VWUHQJWK�ZLOO�DXWRPDWLFDOO\�\LHOG�QHZ�SURILOHV��2QH�RI
WKHVH�SURILOHV�ZLOO�SURYLGH�WKH�VROXWLRQ�WR�WKH�FRQVWUDLQWV�

Adding a Quadrupole Magnet

��� 5LJKW�FOLFN�RQ�WKH�6%,�:LQGRZ��7KLV�ZLOO�EULQJ�XS�D�SRS�XS�PHQX
�����ZLWK�D�FKRLFH�RI�QHZ�HOHPHQWV�

��� 6HOHFW�1HZ�4XDGUXSROH��1RWLFH�WKDW�WKH�PRXVH�SRLQWHU�FKDQJHV
�����VKDSH�ZKHQ�SXOOHG�EDFN�LQWR�WKH�6%,�:LQGRZ��7KLV�LQGLFDWHV�WKDW
�����\RX�DUH�UHDG\�WR�LQVHUW�WKH�QHZ�HOHPHQW�

��� 3RVLWLRQ�WKH�FXUVRU�RYHU�WKH�IRXUWK�GULIW�OHQJWK�IURP�WKH�OHIW�

��� &OLFN�WKH�PRXVH�WR�LQVHUW�WKH�TXDGUXSROH��1RWLFH�WKDW�WKH�QHZ
�����TXDGUXSROH�ZDV�SODFHG�DIWHU��WKH�IRXUWK�GULIW�OHQJWK�DQG�LV�WKH�FXUUHQW�LFRQ�

,03257$17�127(��<RX�PXVW�SODFH�WKH�QHZ�TXDGUXSROH�LQ�WKH
��������������FRUUHFW�SRVLWLRQ�LQ�WKH�6%,�:LQGRZ�RU�\RX�ZLOO�127�JHW�WKH�VDPH
��������������GHPR�UHVXOWV��,I�\RX�GLG�QRW�SODFH�WKH�TXDGUXSROH�LQ�WKH�SRVLWLRQ
��������������LQGLFDWHG�LQ�WKH�DERYH�ILJXUH��GUDJ�DQG�GURS�LW�WR�WKH�FRUUHFW
��������������SRVLWLRQ�QRZ��5HPHPEHU�WKDW�\RX�PXVW�GURS�WKH�TXDGUXSROH�RQ
��������������WKH�IRXUWK�GULIW�OHQJWK�IURP�WKH�OHIW�

��� 7R�UHUXQ�WKH�EHDPOLQH��FOLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ��
�����7RROEDU���7KLV�ZLOO�XSGDWH�WKH�ZLQGRZV�
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Viewing the Graphics Again

$IWHU�DGGLQJ�WKH�4XDGUXSROH�PDJQHW�WKH�EHDP�LV�IRFXVHG�KRUL]RQWDOO\�DQG�VOLJKWO\
GH�IRFXVHG�YHUWLFDOO\��7KH�ULJKW�HQG�RI�WKH�ORQJLWXGLQDO�SORW�VKRZV�WKDW�WKH�ODVW
DSHUWXUH�LV�VWLOO�LUUDGLDWHG�ZLWK�PXFK�RI�WKH�EHDP��$OVR��WKH�FURVV�VHFWLRQDO�SORW
FRQILUPV�WKDW�WKH�EHDP�LV�RXWVLGH�WKH�DSHUWXUH�DORQJ�WKH�;�D[LV�

�/RQJLWXGLQDO�3ORW

�&URVV�6HFWLRQDO�3ORW

Spill Areas
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,Q�WKH�QH[W�VHFWLRQ�ZH�DVN�\RX�WR�ILQG�D�EHWWHU�WXQH�E\�DXWRPDWLFDOO\�YDU\LQJ�WKH
4XDGUXSROH�²�3ROH�7LS�)LHOG�6WUHQJWK�XVLQJ�WKH�&RQVWUDLQW�LFRQ�

Vary One or More Parameters

��� 'RXEOH�FOLFN�WKH�4XDGUXSROH�LFRQ�WKDW�\RX�MXVW�LQVHUWHG�LQWR�WKH
�����6%,�:LQGRZ��7KLV�EULQJV�XS�WKH�4XDGUXSROH�)RUP�)LOO�,Q�VR�\RX
�����FDQ�UH�GHILQH�WKH�TXDGUXSROH�SDUDPHWHUV�

��� &OLFN�� ��IRU�WKH�3ROH�7LS�)LHOG�6WUHQJWK�SDUDPHWHU�

��� &OLFN�� ���/RRN�LQ�WKH�6%,�:LQGRZ�EHORZ�WKH�4XDGUXSROH
������LFRQ��7KHUH�LV�D�9�WDJ�WKDW�PHDQV�WKDW�WKH�LFRQ�KDV�D�SDUDPHWHU�WKDW
������\RX�FKRVH�WR�YDU\�

$OWKRXJK�ZH�FRXOG�XVH�RWKHU�EHDPOLQH�HOHPHQWV�DQG�ZH�FRXOG�VHW�RWKHU�HOHPHQW
SDUDPHWHUV�DV�YDULDEOHV��ZH�DUH�FKRRVLQJ�WR�XVH�RQH�TXDGUXSROH�ZLWK�RQH�YDULDEOH
SDUDPHWHU��2XU�RQO\�UHDVRQ�LV�VLPSOLFLW\�IRU�WKH�WXWRULDO�

Choosing What to Solve For

<RX�FRXOG�FKRRVH�WR�FRQVWUDLQ�D�EHDP�KDOI�VL]H�RU�D�FXPXODWLYH�WUDQVSRUW�PDWUL[
HOHPHQW��7UDQVSRUW�V\VWHP�GHVLJQHUV�PD\�ZDQW�WR�DFKLHYH�FHUWDLQ�RSWLFDO�FKDUDF�
WHULVWLFV�E\�FRQVWUDLQLQJ�WKH�FXPXODWLYH�WUDQVSRUW�PDWUL[�HOHPHQWV�
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7\SLFDOO\�RQH�ZDQWV�D�SDUWLFXODU�EHDP�VL]H�DW�WKH�WDUJHW��6R��IRU�WKLV�WXWRULDO�ZH�DVN
\RX�WR�VROYH�IRU�SDUWLFXODU�EHDP�KDOI�VL]HV�DORQJ�ERWK�WKH�;�DQG�<�D[HV�DW�WKH�HQG
RI�WKH�EHDPOLQH�

��� 'RXEOH�FOLFN�WKH�&RQVWUDLQW�LFRQ�WR�EULQJ�XS�WKH�&RQVWUDLQW�²
�����)RUP�)LOO�,Q�9DULDEOH�3DUDPHWHUV�SDJH�

1RWH�WKDW�WKH�0LQ��DQG�0D[��YDOXHV�VKRZQ�RQ�WKLV�SDJH�DUH�DOZD\V�XVHG�E\�WKH
FRQVWUDLQW�DOJRULWKP��7KH\�SXW�XSSHU�DQG�ORZHU�OLPLWV�RQ�KRZ�IDU�WKH�FRQVWUDLQW
DOJRULWKP�FDQ�YDU\�HDFK�SDUDPHWHU��7KH�6PDOO�6WHS�%LJ�6WHS�YDOXHV�DUH�QRW�XVHG
E\�WKH�FRQVWUDLQW�DOJRULWKP��7KH\�DUH�XVHG�E\�WKH�UHDO�WLPH�VLPXODWLRQ�GXULQJ
PDQXDO�WXQLQJ�LQ�WKH�9DU\�3DUDPHWHU�:LQGRZ�

��� /HDYH�DOO�HQWULHV�LQ�WKH�9DULDEOH�3DUDPHWHUV�SDJH�DV�LV�

��� &OLFN�WKH�%HDP�&RQVWUDLQWV�WDE�DW�WKH�ERWWRP�RI�WKH�GLDORJ�ER[�
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7KH�%HDP�&RQVWUDLQWV�SDJH�DOORZV�\RX�WR�FRQVWUDLQ�RQH��RU�PRUH��EHDP�KDOI�
VL]H�V��WR�D�VSHFLILF�YDOXH�V��ZLWKLQ�WROHUDQFHV��$�EHDP�KDOI�VL]H�ZLWK�D�FKHFN�PDUN
EHVLGH�LW�ZLOO�EH�VROYHG�IRU�E\�WKH�FRQVWUDLQW�DOJRULWKP�

��� &OLFN�WKH�ER[�EHVLGH�;�WR�DFWLYDWH�LW��(QWHU�����DV�WKH�KDOI�VL]H�DQG
����������DV�WKH�WROHUDQFH�

��� &OLFN�WKH�ER[�EHVLGH�<�WR�DFWLYDWH�LW��(QWHU������DV�WKH�KDOI�VL]H�DQG
���������DV�WKH�WROHUDQFH�

��� 6HW�WKH�0D[LPXP�,WHUDWLRQV�WR����

��� (QVXUH�WKDW�\RXU�&RQVWUDLQW�,FRQ�SDJHV�PDWFK�WKH�RQHV�DERYH��&OLFN
�����2.�WR�DFFHSW�WKH�FKDQJHV�

/DWHU�RQ�\RX·OO�XVH�WKH�7UDQVSRUW�0DWUL[�&RQVWUDLQWV�WR�VHH�KRZ�WKH\�ZRUN�

Running the Constraint Algorithm

��� 7RJJOH�RQ�a6ROYH�IRU�&RQVWUDLQWV��5XQ�2SWLRQV�PHQX��7KLV�SXWV
�����WKH�SURJUDP�LQ�WKH�FRQVWUDLQW�VROYLQJ�PRGH��7KH�SURJUDP�ZLOO�QRZ
�����RQO\�UHFRJQLVH�WKH�LQVWUXFWLRQV�JLYHQ�WR�LW�ZLWKLQ�WKH�&RQVWUDLQW�LFRQ�
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��� 5XQ�� ��WKH�EHDPOLQH�DQG�ORRN�DW�WKH�WRS�RI�WKH�VFUHHQ��7KHUH�LV�D
�����SURJUHVV�LQGLFDWRU�WKDW�VKRZV�KRZ�FORVH�WKH�DOJRULWKP�LV�WR
�����FRPSOHWLQJ�DOO�SDUDPHWHU�VWHS�FRPELQDWLRQV�

Interpreting the Results

6RRQ�DIWHU�WKH�SORWV�DUH�GUDZQ��WKH�%HVW�9DOXHV�)RXQG�'LDORJ�ER[��3DUDPHWHU�	
%HDP�6L]H�&RPSDULVRQV�SDJH�DSSHDUV�RQ�WKH�VFUHHQ�

7KH�WRS�SDQHO�H[SODLQV�KRZ�PDQ\�RI�WKH�WRWDO�FRQVWUDLQWV�DUH�PHW��7KH�PLGGOH
JULG�VKRZV�D�FRPSDULVRQ�RI�WKH�EHIRUH�DQG�DIWHU�YDOXHV�IRU�HDFK�YDULDEOH
SDUDPHWHU��7KH�ERWWRP�GDWD�ER[HV�JLYH�WKH�EHIRUH��SUH�UXQ�RULJLQDO��DQG�DIWHU
�QHZ��YDOXHV�IRU�WKH�EHDP�KDOI�VL]HV�
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��� &OLFN�DQG�KROG�RQ�WKH�WLWOH�EDU�RI�WKH�%HVW�9DOXHV�)RXQG�'LDORJ
�����ER[��'UDJ�WKH�ER[�WR�WKH�ERWWRP�RI�WKH�VFUHHQ�VR�WKDW�\RX�FDQ�VHH
�����WKH�JUDSKLFV�SORWV�
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(DFK�JUDSKLF�VKRZV�WZR�EHDP�SORWV��RQH�RQ�WRS�RI�WKH�RWKHU��7KH�ZKLWH�FXUYHV
VKRZ�WKH�EHDP�SORW�IURP�WKH�SUH�UXQ�SDUDPHWHU�VHWWLQJV�ZKLOH�WKH�EOXH�FXUYHV
VKRZ�WKH�EHDP�SORW�IURP�WKH�¶6ROYLQJ�IRU�&RQVWUDLQWV·�UXQ��7KH�EOXH�FXUYHV�VKRZ
WKH�FORVHVW�PDWFK�SRVVLEOH�JLYHQ�WKH�RQH�HOHPHQW��D�TXDGUXSROH��ZLWK�RQH�YDULDEOH
SDUDPHWHU��WKH�SROH�WLS�ILHOG�VWUHQJWK��DQG�WKH����LWHUDWLRQV�ZH�FKRVH�

:LWK�D�TXLFN�JODQFH�\RX�FDQ�VHH�ZKHWKHU�WKH�QHZ�YDOXHV�DUH�ZRUWK�NHHSLQJ�RU
ZKHWKHU�WKH\�VKRXOG�EH�GLVFDUGHG��,Q�WKLV�FDVH�\RX�VKRXOG�GLVFDUG�WKHP�EHFDXVH
RQO\�RQH�RI�WKH�WZR�FRQVWUDLQWV�WKDW�ZH�FKRVH�ZHUH�PHW�

��� 0RYH�WKH�%HVW�9DOXHV�)RXQG�'LDORJ�ER[�EDFN�WR�WKH�PLGGOH�RI
�����WKH�VFUHHQ�DQG�FOLFN�WKH�'LVFDUG�1HZ�9DOXHV�EXWWRQ��ERWWRP�RI�WKH
�����ER[�

6LQFH�WKH�DOJRULWKP�RQO\�VROYHG�IRU�RQH�RI�WKH�WZR�EHDP�FRQVWUDLQWV�ZH�VKRXOG
VHH�LI�LQFUHDVLQJ�WKH�PD[LPXP�LWHUDWLRQV�SDUDPHWHU�ZLOO�KHOS�WKH�DOJRULWKP�

��� &KDQJH�WKH�0D[LPXP�,WHUDWLRQV�WR�����DQG�UXQ�WKH�EHDPOLQH�

$W�DERXW�����WKURXJK�LWV�WRWDO�VWHS�FRPELQDWLRQV�WKH�DOJRULWKP�VWRSSHG�DQG
GLVSOD\HG�WKH�%HVW�9DOXHV�'LDORJ�ER[��7KLV�PHDQV�WKDW�DOO�WKH�FRQVWUDLQWV�KDYH
EHHQ�VROYHG��7KH�SURJUDP�DXWRPDWLFDOO\�IRXQG�WKH�TXDGUXSROH�PDJQHW�VHWWLQJ�WKDW
IRUFHG�WKH�EHDP�KDOI�VL]HV�WR�EH�WKH�YDOXHV�ZH�FKRVH��1RWH�WKDW�WKH�DOJRULWKP�ZLOO
DOZD\V�WHUPLQDWH�DV�VRRQ�DV�DOO�RI�WKH�FRQVWUDLQWV�KDYH�EHHQ�DFFHSWHG�ZLWKLQ�WKHLU
����WROHUDQFH�UDQJH�
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7KH�JUDSKLFV�SORWV�DOVR�VKRZ�WKDW�WKH�EHDP�LV�ZLWKLQ�WKH�DSHUWXUH�

��� 7R�VDYH�WKH�YDOXHV�FOLFN�WKH�8VH�1HZ�9DOXHV�EXWWRQ�DW�WKH�ERWWRP
�����RI�WKH�ER[�

<RX�FDQ�QRZ�ILQH�WXQH�WKH�EHDPOLQH�E\�QDUURZLQJ�WKH�WROHUDQFH�DOORZHG�IRU�WKH�;
DQG�<�YDOXHV�

��� 'RXEOH�FOLFN�WKH�&RQVWUDLQW�LFRQ�WR�EULQJ�XS�WKH�&RQVWUDLQW�²
�����)RUP�)LOO�,Q�9DULDEOH�3DUDPHWHUV�SDJH�

��� &OLFN�WKH�%HDP�&RQVWUDLQWV�WDE�DW�WKH�ERWWRP�RI�WKH�GLDORJ�ER[�

��� 6HW�WKH�����UDQJHV�IRU�WKH�;�DQG�<�FRQVWUDLQW�WR�����PP�DQG�NHHS
�����WKH�0D[LPXP�,WHUDWLRQV�WKH�VDPH�

��� 5XQ�WKH�EHDPOLQH�DJDLQ�
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7KH�<�;�EOXH�SORW�VKRXOG�VKRZ�WKDW�WKH�EHDP�LV�QRZ�SHUIHFWO\�LQVLGH�WKH
DSHUWXUH��,W�LV�DFWXDOO\�YHU\�FORVH�WR�WKH�VDPH�VKDSH�DQG�VL]H�DV�WKH�EHDP�REWDLQHG
WKURXJK�PDQXDO�WXQLQJ�LQ�WKH�&KDSWHU�����WXWRULDO��SDJH����

��� &OLFN�WKH�8VH�1HZ�9DOXHV�EXWWRQ�WR�DFFHSW�WKH�QHZ�YDOXHV�

)RU�WKH�ILQDO�UXQ�ZH�DVN�\RX�WR�FRQVWUDLQ�WKH�>���@�HOHPHQW�HQWU\�RI�WKH
&XPXODWLYH�7UDQVSRUW�0DWUL[�

��� &OLFN�WKH�%HDP�&RQVWUDLQWV�WDE��ERWWRP�RI�WKH�GLDORJ�ER[�

��� &OLFN�WKH�;�DQG�<�FRQVWUDLQWV�WR�UHPRYH�WKH�FKHFN�PDUNV��:H�GRQ·W
������ZDQW�\RX�WR�VROYH�IRU�WKHVH�DQ\PRUH�

Remove
the checks
from  these
two beam
constraints.
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��� &OLFN�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[�&RQVWUDLQWV�WDE�DW�WKH
�����ERWWRP�RI�WKH�GLDORJ�ER[�

��� 8QGHU�¶6ROYH�IRU�WKHVH�FXPXODWLYH�WUDQVSRUW�PDWUL[�HOHPHQW�YDOXHV�·
�����HQWHU���������LQ�WKH�>���@�FHOO�

��� 8QGHU�¶6ROYH�IRU�FXPXODWLYH�WUDQVSRUW�PDWUL[�WR�ZLWKLQ�WKHVH
�����SOXV�PLQXV�WROHUDQFH�YDOXHV�·�HQWHU���������LQ�WKH�>���@�FHOO�

:KHQ�\RX�HQWHU�D�YDOXH�LQ�WKH�XSSHU�JULG�\RX�0867�DOVR�HQWHU�D�WROHUDQFH
YDOXH�LQWR�WKH�FRUUHVSRQGLQJ�FHOO�LQ�WKH�ORZHU�JULG�

��� &OLFN�WKH�2.�EXWWRQ�WR�VDYH�WKH�YDOXHV�

��� 5XQ�WKH�EHDPOLQH�DJDLQ�

��� &OLFN�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[�&RPSDULVRQ�WDE�DW�WKH�WRS�RI
�����WKH�%HVW�9DOXHV�)RXQG�'LDORJ�ER[�
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<RX�ZLOO�VHH�WKDW�WKH�FRQVWUDLQW�DOJRULWKP�VROYHG�IRU�WKH�VDPH�YDOXH�LQ�WKH
WUDQVSRUW�PDWUL[�DV�ZDV�SUHVHQW�EHIRUH�WKH�UXQ�

1RZ�WKDW�\RX�KDYH�VRPH�EDVLF�VNLOOV�LQ�XVLQJ�WKH�FRQVWUDLQW�DOJRULWKP��ZH�VXJJHVW
WKDW�\RX�SOD\�ZLWK�VRPH�RI�WKH�GLIIHUHQW�IHDWXUHV�RI�WKH�&RQVWUDLQW�LFRQ�DQG�VHH
ZKDW�WKH�UHVXOWV�DUH��<RX�FRXOG�DGG�PRUH�YDULDEOH�SDUDPHWHUV�RU�WU\�VROYLQJ�IRU
GLIIHUHQW�EHDP�KDOI�VL]HV��6R��GLYH�LQWR�LW���

5HPHPEHU���ZKHQ�\RX�QR�ORQJHU�ZDQW�WKH�SURJUDP�WR�DXWRPDWLFDOO\�WXQH�WKH
EHDPOLQH��WRJJOH�RII��6ROYH�IRU�&RQVWUDLQWV�LQ�WKH�5XQ�2SWLRQV�PHQX�
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4.3  Questions & Answers
:KHQ�SODQQLQJ�D�UXQ��\RX�QHHG�WR�DVN�\RXUVHOI��´:KDW�GR�,�ZDQW�IURP�WKH�UXQ
DQG�ZKDW�WDVNV�GR�,�ZDQW�WKH�UXQ�WR�SHUIRUP"µ�7KHUH�DUH�PDQ\�YDULDEOHV�WKDW�PD\
EH�WXUQHG�RQ�RU�RII�GHSHQGLQJ�RQ�\RXU�QHHGV��+HUH�ZH�SUHVHQW�D�QXPEHU�RI
TXHVWLRQV�ZLWK�DQVZHUV�WR�H[SODLQ�KRZ�DQG�ZKHQ�WR�FKDQJH�WKH�YDULDEOHV�

7KH�UXQ�DOJRULWKP�LV�WKH�FHQWUDO�HQJLQH�IRU�WKH�VRIWZDUH�DQG�VR�KDV��PXOWLSOH�GDWD
JHQHUDWLRQ�UHVSRQVLELOLWLHV��*LYHQ�LWV�FHQWUDO�UROH��\RX�0867�GR�D�QHZ�UXQ�HYHU\
WLPH�WKDW�D�FKDQJH�LV�PDGH�LQ�WKH�6%,�RU�RWKHU�ZLQGRZV��$�QHZ�UXQ�ZLOO�UHIUHVK
WKH�LQIRUPDWLRQ�LQ�HYHU\�ZLQGRZ�

4XHVWLRQ�����+RZ�GR�,�FKDQJH�WKH�EHDP�W\SH�IRU�D�UXQ"
$QVZHU���'RXEOH�FOLFN�WKH�%HDP�6RXUFH�LFRQ��6%,�:LQGRZ��WR�EULQJ�XS�WKH�IRUP
ILOO�LQ�GLDORJ�ER[��&KRRVH�HQYHORSH�RU�PXOWL�SDUWLFOH��:KHQ�\RX�FKRRVH�HQYHORSH�WKH
JUDSKLFV�SORWV�ZLOO�VKRZ�WKH�RXWHU�H[WHQWV�RI�WKH�EHDP��7KH�UXQ�ZLOO�QRW�SURGXFH�EHDP
VSLOOV�RU�VKRZ�DQ\�LQWHUDFWLRQ�ZLWK�WKH�DSHUWXUHV��:KHQ�\RX�FKRRVH�D�PXOWL�SDUWLFOH�EHDP
W\SH�WKH�SURJUDP�ZLOO�EH�DEOH�WR�JHQHUDWH�EHDP�VSLOOV�DQG�DSHUWXUH�LQWHUDFWLRQV��$OVR��ZKHQ
\RX�FKRRVH�D�PXOWL�SDUWLFOH�EHDP�W\SH�\RX�FDQ�HQWHU�WKH�1XPEHU�RI�3DUWLFOHV�WKDW
\RX�ZLVK�WR�KDYH�WUDQVSRUWHG�DORQJ�WKH�EHDPOLQH��2QFH�\RX�KDYH�FKRVHQ�\RXU
EHDP�W\SH�FOLFN�WKH�5XQ�EXWWRQ�WR�VHH�WKH�QHZ�SORWV�DQG�GDWD�

4XHVWLRQ�����+RZ�GR�,�GR�DQ�HQYHORSH�SORW"
$QVZHU���'RXEOH�FOLFN�WKH�%HDP�6RXUFH�LFRQ�WR�EULQJ�XS�WKH�IRUP�ILOO�LQ�GLDORJ
ER[��&OLFN�WKH�(QYHORSH�UDGLR�EXWWRQ�XQGHU�%HDP�7\SH�DQG�FOLFN�2.�WR�DFFHSW
WKH�QHZ�EHDP�W\SH��5XQ�WKH�EHDPOLQH��,I�RQH�RI�WKH�JUDSKLFV�ZLQGRZV�LV�DQ
LQWHQVLW\�SORW�\RX�ZLOO�QRW�VHH�WKH�SORW�EHFDXVH�WKHUH�DUH�QR�SDUWLFOHV�WR�PDNH�XS�WKH�GLVWULEXWLRQ�

4XHVWLRQ�����+RZ�GR�,�GR�D�PXOWL�SDUWLFOH�SORW"
$QVZHU���'RXEOH�FOLFN�WKH�%HDP�6RXUFH�LFRQ�WR�EULQJ�XS�WKH�IRUP�ILOO�LQ�GLDORJ
ER[��&OLFN�WKH�0XOWL�3DUWLFOH�UDGLR�EXWWRQ�XQGHU�%HDP�7\SH��1RWLFH�WKDW�WKH
1XPEHU�RI�3DUWLFOHV�(GLW�%R[�/DEHO�FRPHV�DOLYH��&OLFN�WKH�HGLW�ER[�DQG�HQWHU�WKH
QXPEHU�RI�SDUWLFOHV�WKDW�\RX�ZDQW�LQ�WKH�UXQ��PD[LPXP����������WKHQ�FOLFN�2.�WR
DFFHSW�WKH�QHZ�EHDP�W\SH��5XQ�WKH�EHDPOLQH��,I�RQH�RI�WKH�JUDSKLFV�ZLQGRZV�LV�DQ
LQWHQVLW\�SORW�WKHQ�\RX�ZLOO�VHH�WKH�SORW�EHFDXVH�WKHUH�DUH�SDUWLFOHV�WR�PDNH�XS�D�GLVWULEXWLRQ
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4XHVWLRQ�����+RZ�GR�,�GR�D�PXOWL�SDUWLFOH�SORW�ZLWK�FRORU�YDULDWLRQ"
$QVZHU���&OLFN�5XQ�2SWLRQV�DQG�VHOHFW�3DUWLFOH�&RORU�����%DVH�$SSOLFDWLRQ
:LQGRZ���7KLV�EULQJV�XS�WKH�3DUWLFOH�&RORU�GLDORJ�ER[��&KRRVH�WKH�D[LV�ZKHUH
\RX�ZDQW�FRORU�UHSUHVHQWDWLRQ��&OLFN�WKH�2.�EXWWRQ�DQG�WKHQ�UXQ�WKH�EHDPOLQH
ZLWK�D�PXOWL�SDUWLFOH�EHDP�W\SH��$GGLQJ�FRORU�JLYHV�\RX�D�WKLUG�GLPHQVLRQ��,I�WKH
SORW�LV�;�YV�=�DQG�WKH�SDUWLFOHV�DUH�FRORUHG�GHSHQGLQJ�RQ�ZKHUH�WKH\�DUH�DORQJ�WKH
<�D[LV��\RX�JHW�D�WKLUG�GLPHQVLRQ�LQ�WKH�;�²�=�SORW�

4XHVWLRQ�����:K\�GRHV�WKH�FRQVWUDLQW�DOJRULWKP�FRPH�RQ�ZKHQ�,�KDYHQ·W�VHOHFWHG
SDUDPHWHUV�IRU�YDU\LQJ"�7KHUH�DUHQ·W�DQ\�FRQVWUDLQWV�WR�EH�PDWFKHG��+RZ�GR�,
WXUQ�LW�RII"
$QVZHU���7KH�FRQVWUDLQW�DOJRULWKP�FDQ�RQO\�EH�WXUQHG�RII�IURP�WKH�5XQ�2SWLRQV
PHQX��%DVH�$SSOLFDWLRQ�ZLQGRZ��&OLFN�5XQ�2SWLRQV�WKHQ�ORRN�WR�VHH�LI�WKHUH�LV�D
FKHFN�PDUN�EHVLGH�WKH�6ROYH�IRU�&RQVWUDLQWV�PHQX�LWHP��,I�WKHUH�LV�RQH��WKHQ�WKH
FRQVWUDLQW�DOJRULWKP�LV�DFWLYH�DQG�ZLOO�WU\�WR�VROYH�IRU�FRQVWUDLQWV�LQ�WKH�QH[W�UXQ�
7R�WRJJOH�WKH�FRQVWUDLQW�DOJRULWKP�RII��FOLFN�WKH�6ROYH�IRU�&RQVWUDLQWV�PHQX�LWHP
WR�UHPRYH�WKH�FKHFN�PDUN�

4XHVWLRQ�����,�KDYH�EHHQ�GRLQJ�D�QXPEHU�RI�HQYHORSH�UXQV�ZLWK�WKH�FRQVWUDLQW
DOJRULWKP�RII��:KHQ�,�ZHQW�WR�VROYH�IRU�VRPH�FRQVWUDLQWV�,�IRUJRW�WKDW�,�KDG�VHW
WKH�PD[LPXP�LWHUDWLRQV�WRR�KLJK��&DQ�,�VWRS�WKH�UXQ�RU�GR�,�KDYH�WR�OHW�LW�UXQ�LWV
FRXUVH"
$QVZHU���8VH�WKH�6WRS�EXWWRQ�ORFDWHG�WR�WKH�ULJKW�RI�WKH�5XQ�EXWWRQ��<RX�FDQ
VWRS�ERWK�SDUWLFOH�EHDP�W\SH�UXQV�DQG�UXQV�WKDW�XVH�WKH�FRQVWUDLQW�DOJRULWKP��7KH
6WRS�EXWWRQ�GRHV�QRW�ZRUN�ZLWK�EDVLF�HQYHORSH�UXQV�DV�WKHVH�WDNH�YHU\�OLWWOH�WLPH
WR�FRPSOHWH�

4XHVWLRQ�����+RZ�GR�,�VHH�ZKDW�WKH�EHDP�ORRNV�OLNH�LI�WKHUH�ZHUH�QR�DSHUWXUHV�WR
LQWHUDFW�ZLWK"
$QVZHU���&OLFN�5XQ�2SWLRQV��WKHQ�WRJJOH�RII�6KRZ�$SHUWXUHV�DQG�&OLS�3DUWLFOHV�

4XHVWLRQ�����+RZ�GR�,�YLHZ�D�SDUWLFOH�SORW�ZLWK�WKH�DSHUWXUHV�VKRZQ�EXW�QRW
KDYH�WKH�SDUWLFOHV�LQWHUDFW�ZLWK�WKHP"
$QVZHU���&OLFN�5XQ�2SWLRQV��WKHQ�WRJJOH�RQ�6KRZ�$SHUWXUHV�DQG�WRJJOH�RII�&OLS
3DUWLFOHV�

4XHVWLRQ�����:KHQ�,�GR�D�UXQ�DQG�WKHQ�ORRN�DW�WKH�6\VWHP�0HWULFV�GLDORJ�ER[��LW
DOZD\V�VKRZV�WKH�LGHQWLW\�PDWUL[�IRU�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[���+RZ�GR�,
JHW�LW�WR�VKRZ�WKH�FRUUHFW�&XPXODWLYH�7UDQVSRUW�0DWUL["
$QVZHU���&OLFN�5XQ�2SWLRQV�DQG�WRJJOH�RQ�&XPXODWLYH�7UDQVSRUW�0DWULFHV�
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4XHVWLRQ������:KHQ�,�GR�D�UXQ�DQG�WKHQ�FOLFN�WKH�6KRZ�+LGH�%76�7H[W�:LQGRZ
EXWWRQ�WR�VKRZ�WKH�%76�7H[W�:LQGRZ��,�ILQG�WKDW�WKH�ZLQGRZ�ZDV�QRW�XSGDWHG�
+RZ�GR�,�XSGDWH�WKH�ZLQGRZ�DIWHU�D�UXQ"
$QVZHU��7KH�ZLQGRZ�PXVW�EH�VKRZLQJ�IRU�LW�WR�EH�XSGDWHG��%\�VKRZLQJ�WKH
ZLQGRZ�\RX�WRJJOH�D�YDULDEOH�LQ�WKH�UXQ�DOJRULWKP�WKDW�WHOOV�LW�WKDW�\RX�ZDQW�WR
XSGDWH�WKH�ZLQGRZ��7KH�GHIDXOW�VHWWLQJ�LV�KLGH�RU�WRJJOH�RII��7KLV�ZDV�GRQH�WR
PDNH�WKH�UXQ�DOJRULWKP�DV�VWUHDPOLQHG�DQG�TXLFN�DV�SRVVLEOH�

4XHVWLRQ������+RZ�GR�,�PDQXDOO\�WXQH�P\�V\VWHP�RU�GR�D�UHDO�WLPH�UXQ"
$QVZHU���6HH�&KDSWHU�����VHFWLRQ�����5XQQLQJ�DQG�5HDO�7LPH�7XQLQJ�3URFHGXUHV�

4XHVWLRQ������+RZ�GR�,�VHH�TXDQWLWDWLYHO\�KRZ�PXFK�EHDP�VSLOO�WKHUH�PD\�EH"
$QVZHU���7KHUH�DUH�D�QXPEHU�RI�YDULDEOHV�WKDW�\RX�PXVW�VHW�IRU�WKH�UXQ�WR�ZRUN�
,Q�WKH�5XQ�2SWLRQV�PHQX�WRJJOH�RQ�&OLS�3DUWLFOHV�����7KLV�LV�WKH�LPSRUWDQW�YDULDEOH�WR
KDYH�RQ���1H[W�FKRRVH�D�PXOWL�SDUWLFOH�EHDP�W\SH��$QG�ILQDOO\��LQ�WKH�:LQGRZV�PHQX
WRJJOH�RQ�&ROOLPDWRU�7H[W�:LQGRZ��5XQ�WKH�EHDPOLQH�DQG�VHH�LI�DQ\�VSLOO�VKRZV�LQ
WKH�&ROOLPDWRU�:LQGRZ�
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�����'HILQLQJ�WKH�%HDP�6RXUFH
7R�WHVW�D�EHDPOLQH�\RX�QHHG�D�EHDP��8VLQJ�WKH�%HDP�6RXUFH�)RUP�)LOO�,Q�SDJHV�
\RX�PD\�VHW�WKH�EHDP�SDUDPHWHUV�WR�PRGHO�D�EHDP�ZLWK�DQ\�HPLWWDQFH�WKDW�\RX
ZLVK�

5.1  Beam Source Form Fill-In

7KH�%HDP�6RXUFH�LFRQ�� ��LV�DOZD\V�WKH�ILUVW�LFRQ�RQ�WKH�OHIW�LQ�WKH�6%,
:LQGRZ��ERWWRP�RI�WKH�VFUHHQ��&OLFN�WKH�%HDP�6RXUFH�LFRQ�WR�EULQJ�XS�WKH�%HDP
6RXUFH�)RUP�)LOO�,Q�³�3DUDPHWHUV�SDJH�

Beam Source – Form Fill-In — General Beam Information

)LJXUH�������*HQHUDO�%HDP�,QIRUPDWLRQ�³�3DUDPHWHUV

7KH�3DUDPHWHUV�SDJH�JURXSV�LQIRUPDWLRQ�LQ�WKUHH�ZD\V��+HUH�\RX�HQWHU�¶*HQHUDO
%HDP�,QIRUPDWLRQ·��¶%HDP�7\SH·�DQG�¶0XOWL�3DUWLFOH�'LVWULEXWLRQ�*HQHUDWLRQ·�

8QGHU�¶*HQHUDO�%HDP�,QIRUPDWLRQ·�\RX�HQWHU�\RXU�FKRLFH�RI�EHDP�QDPH��WKH
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EHDP�NLQHWLF�HQHUJ\�YDOXH��SDUWLFOH�PDVV��FKDUJH�DQG�QXPEHU�RI�SDUWLFOHV��)RU�D
PXOWL�SDUWLFOH�UXQ�\RX�PD\�HQWHU�IURP���WR��������SDUWLFOHV�

8QGHU�¶%HDP�7\SH·��VHOHFW�HLWKHU�¶(QYHORSH·�RU�¶0XOWL�SDUWLFOH·�PRGH��$Q�HQYHORSH
UXQ�VKRZV�WKH�H[WHQWV�RI�WKH�EHDP�RQO\��ZKHUHDV�D�PXOWL�SDUWLFOH�UXQ�ZLOO�VKRZ
WKH�EHDP�DV�D�SDUWLFOH�GLVWULEXWLRQ�

8QGHU�¶0XOWL�3DUWLFOH�'LVWULEXWLRQ�*HQHUDWLRQ·�VHOHFW�HLWKHU�UDQGRP�SDUWLFOH
JHQHUDWLRQ�ZLWK�HDFK�UXQ��RU�WKH�VDPH�GLVWULEXWLRQ�IRU�HDFK�UXQ��&KRRVLQJ�WKH
VDPH�GLVWULEXWLRQ�ZLOO�JLYH�\RX�FRQVLVWHQF\�IURP�RQH�UXQ�WR�WKH�QH[W�DQG�ZLOO
VSHHG�XS�WKH�UXQ�WLPH�D�ELW�

Beam Source Form Fill-In — Matrix & Half Sizes

)LJXUH�������%HDP�6RXUFH�)RUP�)LOO�,Q�³�0DWUL[�	�+DOI�6L]HV

;�LV�WKH�KRUL]RQWDO�KDOI�ZLGWK�RI�WKH�EHDP�LQ�PLOOLPHWHUV�
;
�LV�WKH�KRUL]RQWDO�KDOI�GLYHUJHQFH�RI�WKH�EHDP�LQ�UDGLDQV
�[[
�LV�WKH�WLOW�DQJOH�RI�WKH�KRUL]RQWDO�SKDVH�VSDFH�HOOLSVH�LQ�GHJUHHV�
<�LV�WKH�YHUWLFDO�KDOI�ZLGWK�RI�WKH�EHDP�LQ�PLOOLPHWHUV�
<
�LV�WKH�YHUWLFDO�KDOI�GLYHUJHQFH�RI�WKH�EHDP�LQ�UDGLDQV�
�\\
�LV�WKH�WLOW�DQJOH�RI�WKH�YHUWLFDO�SKDVH�VSDFH�HOOLSVH�LQ�GHJUHHV�

∆�LV�WKH�PRPHQWXP�VSUHDG�RI�WKH�EHDP�LQ�SHUFHQW�
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9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�DW�D�WLPH��1R�YDU\�LV�WKH�GHIDXOW�

7KH�ERWWRP�RI�WKH�IRUP�ILOO�LQ�FRQWDLQV�WKH�%HDP�6LJPD�0DWUL[�HQWULHV��7KHVH
HQWULHV�FRQWDLQ�WKH�FR�HIILFLHQWV�RI�WKH�EHDP�HOOLSVH�HTXDWLRQV�

8VXDOO\�WKH�PDQXIDFWXUHU�RI�WKH�DFWXDO�EHDP�VRXUFH��ZKHWKHU�DQ�LRQ�VRXUFH��D
F\FORWURQ��D�OLQHDU�DFFHOHUDWRU��D�V\QFKURWURQ�RU�DQ\�RWKHU�W\SH�RI�EHDP�VRXUFH�
ZLOO�KDYH�EHDP�VRXUFH�GDWD�WKDW�FDQ�EH�XVHG�WR�VSHFLI\�WKH�LQLWLDO�EHDP�KDOI�VL]H
YDOXHV�

1RWH��WR�PDNH�LPSURYHPHQWV�WR�\RXU�V\VWHP�\RX�PD\�ZLVK�WR�H[SHULPHQW�ZLWK
WKH�EHDP�KDOI�VL]HV�RU�WKH�EHDP�VLJPD�PDWUL[�HQWULHV��(QWHU�GLIIHUHQW�YDOXHV�DQG
FRPSDUH�WKH�VLPXODWHG�EHDP�SORWV�DQG�EHDP�VSLOO�LQIRUPDWLRQ�ZLWK�PHDVXUHG�GDWD
IURP�WKH�DFWXDO�V\VWHP�

7KHUH�DUH�VHYHUDO�DSSURDFKHV�WR�HQWHULQJ�GDWD�LQWR�WKH�0DWUL[�	�+DOI�6L]HV�'LDORJ
ER[��5HIHU�WR�)LJXUH�����

)RU�DQ�XQWLOWHG�EHDP�SKDVH�HOOLSVH��L�H��� [[
� ����DQG�� \\
� �����WKH�EHDP�HPLWWDQFHV
DUH��� ε[[
� �;PD[�⋅�;
PD[�� ����ε\\
� �<PD[�⋅�<
PD[����
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,Q�D�PRUH�JHQHUDO�FDVH��LI�WKH�EHDP�SKDVH�HOOLSVHV�DUH�WLOWHG�VXFK�WKDW� [[
������DQG
\\
������WKHQ�WKH�EHDP�HPLWWDQFHV�DUH��ε[[
� ��;PD[�⋅�;
LQW� ��;LQW�⋅�;
PD[��DQG

ε\\
� �<PD[�⋅�<
LQW� �<LQW�⋅�<
PD[����7KH�HTXDWLRQV�RI�WKH�SKDVH�HOOLSVHV�DUH�

ε�[[
� �σ���[
��−��σ���[[
���σ���[


�� ��ε�\\
� �σ���\
��−��σ���\\
���σ���\


���

7R�FRPSOHWHO\�VSHFLI\�WKH�HOOLSVHV�LQ�WKH�IRUP�ILOO�LQ��\RX�ZLOO�QHHG�WR�GHVFULEH�

;PD[���;
PD[��� [[
���<PD[���<
PD[��� \\
���DQG��∆� �
GS
S �[������� �PRPHQWXP�VSUHDG���

ZKHUH� S� �7� ���
�0
7 �� 7� �SDUWLFOH�NLQHWLF�HQHUJ\�LQ�0H9���DQG

0� �SDUWLFOH�0DVV�LQ�0H9�

1RWH�WKDW�LI�[[
�DQG�\\
�SKDVH�SODQHV�DUH�XQFRXSOHG�WKHQ�

[[
� �
�
��WDQ

−��
��σ��

�σ���−�σ��
\\
� �

�
��WDQ

−��
��σ��

�σ���−�σ��

7KHVH�WLOW�DQJOHV�FDQQRW�EH�HQWHUHG�GLUHFWO\�LQWR�WKH�%HDP�6RXUFH�)RUP�)LOO�,Q�
0D[LPXP�%HDP�+DOI�6L]HV�VHFWLRQ��7KH�σ����DQG�σ����HQWULHV�PXVW�EH�ILOOHG�LQ�DQG
WKHQ� [[
�DQG� \\
��DUH�DXWRPDWLFDOO\�FRPSXWHG�DQG�GLVSOD\HG�DV�VODYH�RXWSXWV�

$QRWKHU�DSSURDFK�LV�WR�HGLW�WKH�EHDP�VLJPD�PDWUL[�GLUHFWO\�E\�SODFLQJ�YDOXHV
LQWR�WKH�PDWUL[��,Q�WKLV�FDVH�

σ��� ��;�PD[��

σ��� ��;
�PD[��

σ��� �σ��� ��> @σ������σ���−���;LQW��� ó� �> @σ������σ���−���;
LQW���� ó

σ��� ��<�PD[��

σ��� ��<
�PD[��

σ��� σ��� �> @σ������σ���−���<LQW���� ó� �> @σ������σ���−���<
LQW����� ó

σ��� ��∆��

$OO�RWKHU�EHDP�VLJPD�PDWUL[�HOHPHQWV�DUH�]HUR�LI�WKH�EHDP�SKDVH�HOOLSVHV�DUH

XQFRXSOHG�RU�LQGHSHQGHQW�RI�HDFK�RWKHU�ZKLFK�LV�XVXDOO\�WKH�FDVH�



���������8VLQJ�%HDPOLQH�6LPXODWRU

��������� � �9� ��

Beam Source Form Fill-In — Virtual Rotations

)LJXUH�������%HDP�6RXUFH�)RUP�)LOO�,Q��³�9LUWXDO�5RWDWLRQV

8QGHU�¶9LUWXDO�5RWDWLRQV·�\RX�PD\�VSHFLI\�YDOXHV�WKDW�DGMXVW��;��;
��RU��<�<
�
SKDVH�VSDFH�RULHQWDWLRQ�RI�WKH�LQSXW�EHDP�HOOLSVHV��7KHVH�DGMXVWPHQWV�PD\
LPSURYH�WKH�LQSXW�PRGHO��7KH�DGMXVWPHQWV�DUH�GHILQHG�EHORZ�

;�/HQJWK��9LUWXDO�'ULIW�/HQJWK���D�YLUWXDO�GULIW�RI�;�/HQJWK�PP�LV�DSSOLHG�WR�RQO\
WKH��;��;
��SKDVH�VSDFH�RI�WKH�EHDP�SULRU�WR�HQWU\�WR�WKH�EHDPOLQH�

;�)RFDO�/HQJWK��9LUWXDO�7KLQ�/HQV���D�YLUWXDO�IRFXV�RI�;�)RFDO�/HQJWK�PP�LV
DSSOLHG�WR�RQO\�WKH��;��;
��SKDVH�VSDFH�RI�WKH�EHDP�SULRU�WR�HQWU\�WR�WKH�EHDPOLQH�

<�/HQJWK��9LUWXDO�'ULIW�/HQJWK���D�YLUWXDO�GULIW�RI�<�/HQJWK�PP�LV�DSSOLHG�WR�RQO\
WKH��<��<
��SKDVH�VSDFH�RI�WKH�EHDP�SULRU�WR�HQWU\�WR�WKH�EHDPOLQH�

<�)RFDO�/HQJWK��9LUWXDO�7KLQ�/HQV���D�YLUWXDO�IRFXV�RI�<�)RFDO�/HQJWK�PP�LV
DSSOLHG�WR�RQO\�WKH��<��<
��SKDVH�VSDFH�RI�WKH�EHDP�SULRU�WR�HQWU\�WR�WKH�EHDPOLQH�

1RWH��LI�\RX�ZDQW�DQ�LQSXW�EHDP�WKDW�LV�DQ�XSULJKW�HOOLSVH�LQ�ERWK��;��;
��DQG
�<��<
��SKDVH�VSDFHV��HQWHU�]HURV�LQ�DOO�IRXU�,QSXW�%HDP�$GMXVWPHQW�HGLW�ER[HV�
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,Q�WKH�¶6HTXHQFH·�ER[HV�\RX�DUH�DOORZHG�WR�FKRRVH�ZKLFK�YLUWXDO�FDOFXODWLRQ�LV
GRQH�ILUVW�DQG�ZKLFK�LV�GRQH�VHFRQG��7KLV�DOORZV�\RX�WR�H[SHULPHQW�D�ELW��&OLFN
WKH�UDGLR�EXWWRQV�LQ�WKH�RUGHU�WKDW�\RX�ZDQW��7KH�EXWWRQ�ZLOO�VKRZ�D�WDJ�ZLWK�WKH
UDQNLQJ�

:KHQ�\RX�KDYH�FRPSOHWHG�WKH�IRUP�FOLFN�� ���
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����7KH�,RQ�2SWLFDO�(OHPHQWV
:LWKLQ�WKH�6%,�:LQGRZ��&RPPDQG�DQG�7RRO�5HIHUHQFH�SDJHV�����WR�����\RX
PD\�FKRRVH�DQ\�QXPEHU�RI�WKH�IROORZLQJ�HOHPHQWV�DQG�DUUDQJH�WKHP�LQ�DQ\�RUGHU
\RX�ZLVK��,Q�WKLV�FKDSWHU�\RX·OO�ILQG�LQVWUXFWLRQV�WR�KHOS�\RX�DGG��UHDUUDQJH�DQG
GHOHWH�HOHPHQWV��<RX·OO�DOVR�ILQG�LQVWUXFWLRQV�IRU�VSHFLI\LQJ�HOHPHQW�SDUDPHWHUV
DQG�IRU�DSSO\LQJ�FRQVWUDLQWV�WR�YDULDEOH�SDUDPHWHUV�

6.1  Ion-Optical Elements

7KH�',32/(�HOHPHQW�UHSUHVHQWV�D�GLSROH�PDJQHW�

7KH�'5,)7�/(1*7+�HOHPHQW�UHSUHVHQWV�UHJLRQV�LQ�WKH�EHDP�OLQH�ZKHUH�WKH
EHDP�GULIWV�WKURXJK�UHJLRQV�RI�]HUR�DSSOLHG�ILHOGV�

7KH�121�67$1'$5'�HOHPHQW�FDQ�EH�XVHG�WR�UHSUHVHQW�QRQ�VWDQGDUG�VWHHULQJ
RU�IRFXVLQJ�FRPSRQHQWV�LQ�D�EHDPOLQH�

7KH�3(5785%$7,21�HOHPHQW�FDQ�EH�XVHG�WR�UHSUHVHQW�WUDQVODWLRQDO�RU�DQJXODU
GLVSODFHPHQWV�RI�WKH�EHDP��7KHVH�GLVSODFHPHQWV�PD\�EH�LQKHUHQW�LQ�WKH�VRXUFH
EHDP�RU�LQWURGXFHG�E\�D�VWHHULQJ�PDJQHW�IRU�H[DPSOH�
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7KH�48$'5832/(�HOHPHQW�UHSUHVHQWV�D�TXDGUXSROH�PDJQHW�

7KH�527$7,21�HOHPHQW�UHSUHVHQWV�V\VWHPV�ZKHUH�WKH�HOHPHQWV�DUH�URWDWHG
DERXW�WKH�=�D[LV�

7KH�62/(12,'�HOHPHQW�UHSUHVHQWV�D�VROHQRLG�PDJQHW�

7KH�7+,1�/(16�HOHPHQW�UHSUHVHQWV�DQ�LGHDO�IRFXVLQJ�HOHPHQW�

6.2  Managing Icons (Element or Other)

Making an Icon Current

7KH�FXUUHQW�RU�VHOHFWHG�LFRQ�LQ�WKH�6%,�:LQGRZ�KDV�WKH�UHG�EDUV�DERYH�DQG�EHORZ�LW�
:KHQ�FXWWLQJ�DQG�SDVWLQJ�LFRQV�DQG�ZKHQ�XVLQJ�WKH�9DU\�3DUDPHWHU�:LQGRZ��LW�LV
LPSRUWDQW�WR�EH�DZDUH�RI�ZKLFK�LFRQ�LV�FXUUHQW��7KH�9DU\�3DUDPHWHU�:LQGRZ
DGMXVWV��SDUDPHWHUV�IRU�WKH�FXUUHQW�LFRQ�RQO\�

7R�PDNH�DQ�LFRQ�FXUUHQW�
�� 3ODFH�WKH�FXUVRU�RYHU�WKH�LFRQ�DQG�FOLFN�

Inserting Icons

7R�LQVHUW�D�QHZ�LFRQ�
�� 3ODFH�WKH�FXUVRU�LQ�WKH�JUD\�DUHD�RI�WKH�6%,�:LQGRZ�
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�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�WKH�(/(0(17�1$0(�RI�\RXU�FKRLFH�

�� 0RYH�WKH�FXUVRU�WR�WKH�GHVLUHG�ORFDWLRQ�LQ�WKH�6%,�:LQGRZ�DQG�FOLFN
�����WR�LQVHUW�

Cutting and Pasting Icons

7R�FXW�DQG�SDVWH�DQ�H[LVWLQJ�LFRQ�
�� ,Q�WKH�6%,�:LQGRZ��FOLFN�WKH�LFRQ�\RX�ZLVK�WR�PRYH�

�� 3ODFH�WKH�FXUVRU�LQ�WKH�JUD\�DUHD�RI�WKH�6%,�:LQGRZ�

�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�&87�

�� $JDLQ��ULJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�3$67(��7KH�HOHPHQW�LV�DOZD\V�LQVHUWHG�DIWHU�WKH�FXUUHQW�LFRQ�

1RWH���DQ\�LFRQ�WKDW�\RX�KDQGOH��H�J���LQVHUW��FXW�DQG�SDVWH��GUDJ�DQG�GURS�RU�OHIW
FOLFN��EHFRPHV�WKH�FXUUHQW�LFRQ�

Rearranging Icons by Drag and Drop

7R�GUDJ�DQG�GURS�DQ�LFRQ�
�� &OLFN�WKH�LFRQ�DQG�FRQWLQXH�WR�KROG�WKH�PRXVH�EXWWRQ�GRZQ�

�� 'UDJ�WKH�FXUVRU�DFURVV�WKH�6%,�:LQGRZ�DQG�ZDWFK�WKH�SXUSOH�EDUV
�����PRYH�ZLWK�\RX��:KHQ�\RX�UHDFK�WKH�QHZ�ORFDWLRQ�UHOHDVH�WKH�PRXVH
�����EXWWRQ��7KH�LFRQ�ZLOO�GURS�LQWR�SODFH�

 3 Ways to Delete an Icon

7R�GHOHWH�DQ�LFRQ�
�� &OLFN�WKH�LFRQ�WR�PDNH�LW�WKH�FXUUHQW�LFRQ�

�� 3UHVV�WKH�'HO�NH\��7KH�JDUEDJH�FDQ��XSSHU�OHIW�FRUQHU�RI�WKH�6%,
�����:LQGRZ��ZLOO�EHFRPH�DQLPDWHG�WR�VKRZ�WKDW�WKH�LFRQ�KDV�EHHQ
�����GHOHWHG�

25
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�� &OLFN�WKH�LFRQ�DQG�FRQWLQXH�WR�KROG�WKH�PRXVH�EXWWRQ�GRZQ�

�� 'UDJ�WKH�FXUVRU�WR�WKH�JDUEDJH�FDQ�DQG�UHOHDVH�WKH�PRXVH�EXWWRQ�
�����7KH�JDUEDJH�FDQ�ZLOO�EHFRPH�DQLPDWHG�WR�VKRZ�WKDW�WKH�LFRQ�KDV
������EHHQ�GHOHWH�

25
�� &OLFN�WKH�LFRQ�WR�PDNH�LW�WKH�FXUUHQW�LFRQ�

�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�'(/(7(�(/(0(17�

6.3  Specifying Parameters for Elements
7R�GHILQH�RU�FKDQJH�D�SDUDPHWHU�IRU�DQ\�HOHPHQW�LQ�WKH�6%,�:LQGRZ�

�� 'RXEOH�FOLFN�WKH�HOHPHQW�LFRQ�WR�YLHZ�WKH�)RUP�)LOO�,Q�SDJHV�

�� &OLFN�LQVLGH�WKH�SDUDPHWHU�ER[�RU�RQ�D�UDGLR�EXWWRQ�

�� 7\SH�LQ�WKH�QHZ�SDUDPHWHU�

�� &OLFN�2.�

8VLQJ�WKH�)RUP�)LOO�,Q�SDJHV�\RX�FDQ�HDVLO\�GHILQH�HDFK�HOHPHQW�LQ�D�GLIIHUHQW�ZD\
³�QR�PDWWHU�KRZ�PDQ\�HOHPHQWV�WKHUH�DUH�

Dipole Form Fill-In

$�GLSROH�PDJQHW�LV�QRUPDOO\�XVHG�WR�FDXVH�D�FKDUJHG�SDUWLFOH�EHDP�WR�EH
WUDQVSRUWHG�DORQJ�D�FXUYHG�WUDMHFWRU\��)LYH�FRPPRQ�XVHV�IRU�D�GLSROH�PDJQHW�DUH
WR�

• HQDEOH�WKH�WUDQVSRUW�V\VWHP�WR�DYRLG�SK\VLFDO�REVWDFOHV
• PDLQWDLQ�SDUWLFOHV�RQ�D�FORVHG�RU�VSLUDO�RUELW
• SHUPLW�PRPHQWXP�VHOHFWLRQ�DQG
• VHOHFW�GLIIHUHQW�EHDPOLQHV�IRU�WUDQVSRUW
• FRUUHFW�PLVDOLJQHG�EHDPV�E\�VWHHULQJ�WKHP
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)LJXUH�������'LSROH�)RUP�)LOO�,Q��³�3DUDPHWHUV�3DJH

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK��<RX�PD\�ZDQW�WR
QXPEHU�WKH�GLSROH�PDJQHWV�VHTXHQWLDOO\��H�J���'LSROH����'LSROH����'LSROH����HWF�

(IIHFWLYH�/HQJWK�LV�WKH�HIIHFWLYH�RSWLFDO�OHQJWK�RI�WKH�GLSROH�PDJQHW�LQ�PLOOLPHWHUV�
7KH�HIIHFWLYH�OHQJWK�RI�D�GLSROH�PDJQHW�LV�W\SLFDOO\�ORQJHU�WKDQ�WKH�SK\VLFDO�OHQJWK
RI�WKH�PDJQHW�EHFDXVH�WKH�PDJQHWLF�ILHOG�EXOJHV�RXWZDUG�DW�WKH�HQWUDQFH�DQG�H[LW
RI�WKH�PDJQHW��$�XVHIXO�UXOH�RI�WKXPE�LV�WKDW�WKH�HIIHFWLYH�OHQJWK�HTXDOV�WKH�OHQJWK�RI�WKH�LURQ
SROHV�SOXV�WKH�JDS�ZLGWK�EHWZHHQ�WKH�SROHV��)RU�PRUH�LQIRUPDWLRQ�VHH�$SSHQGL[�(�
,RQ�2SWLFV�7HFKQLFDO�1RWHV�

)LHOG�6WUHQJWK�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�LQ�NLOR�*DXVV�

�&OLFNLQJ�WKH�VSHHG�EXWWRQ�EULQJV�XS�WKH�'LSROH�3ULPDU\�,QSXW�3DUDPHWHU
'LDORJ�ER[��5HIHU�WR�)LJXUH��²���SDJH����

)LHOG�*UDGLHQW��Q��LV�GLPHQVLRQOHVV�DQG�LV�GHILQHG�E\�WKH�HTXDWLRQ�

Q� ���G%�% ZKHUH�%�LV�WKH�PDJQHWLF�IOX[�GHQVLW\�DQG
���������G � �LV�WKH�UDGLXV�RI�FXUYDWXUH�
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(QWUDQFH�3ROH�)DFH�$QJOH�LV�WKH�DQJOH�LQ�GHJUHHV�WKDW�WKH�EHDP�FHQWUDO�WUDMHFWRU\
PDNHV�ZLWK�D�OLQH�GUDZQ�SHUSHQGLFXODU�WR�WKH�SROH�IDFH�DW�WKH�SRLQW�ZKHUH�WKH
EHDP�HQWHUV�WKH�PDJQHW�

([LW�3ROH�)DFH�$QJOH��LV�WKH�DQJOH�LQ�GHJUHHV�WKDW�WKH�EHDP�FHQWUDO�WUDMHFWRU\�PDNHV
ZLWK�D�OLQH�GUDZQ�SHUSHQGLFXODU�WR�WKH�SROH�IDFH�DW�WKH�SRLQW�ZKHUH�WKH�EHDP�H[LWV
WKH�PDJQHW��$�SRVLWLYH�VLJQ�RI�WKH�DQJOH�RQ�HLWKHU�HQWUDQFH�RU�H[LW�SROH�IDFHV
FRUUHVSRQGV�WR�D�QRQ�EHQG�SODQH�IRFXVLQJ�DFWLRQ�DQG�D�EHQG�SODQH�GHIRFXVLQJ
DFWLRQ�

1XPEHU�RI�6OLFHV�LV�DQ�LQSXW�XVHG�E\�WKH�JUDSKLFV�URXWLQHV��7KH�QXPEHU�HQWHUHG�LQWR
WKH�HGLW�ER[�LV�WKH�QXPEHU�RI�SRLQWV�DORQJ�WKH�EHDP·V�WUDMHFWRU\��WKURXJK�WKH
HOHPHQW��DW�ZKLFK�FDOFXODWLRQV�ZLOO�EH�PDGH�DQG�GDWD�SORWWHG�

&KRRVLQJ�D�ODUJHU�QXPEHU�ZLOO�FDXVH�PRUH�GDWD�SRLQWV�WR�EH�FDOFXODWHG�DQG
SORWWHG��7KH�UHVXOWLQJ�SORW�ZLOO�EH�PRUH�GHWDLOHG��&KRRVLQJ�D�VPDOOHU�QXPEHU�ZLOO
VSHHG�XS�FDOFXODWLRQV�EXW�UHGXFH�WKH�UHVROXWLRQ�RI�WKH�SORWV�

9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�SHU�HOHPHQW��1R�9DU\�LV�WKH�GHIDXOW�

)ULQJH�)LHOG�&RUUHFWLRQ�7HUPV�FRUUHFW�IRU�WKH�IDFW�WKDW�WKH�ILHOG�IDOO�RII�RXWVLGH�RI�WKH
PDJQHW�LV�JUDGXDO�UDWKHU�WKDQ�D�VWHS�IXQFWLRQ��7KH�GHIDXOW�YDOXHV�IRU�WKH�WHUPV�DUH
]HURV�

7KH�ILUVW�RUGHU�WUDQVSRUW�PDWUL[�IRU�D�SROH�IDFH�URWDWLRQ� �LV�









������ ������ ������ ���������

�WDQ�
� ������������ ������ ���������

������ ������
−�WDQ��� �−� ��

��������������
������ ������ ������ ���������
������ ������ ������ ���������

�ZKHUH�WKH�FRUUHFWLRQ�WHUP��� � �





.��⋅�J�⋅�������VLQ
�� ��

�FRV� �⋅��



���−�.��⋅�.���⋅��J�⋅�WDQ� ���

,I�QR�GDWD�H[LVWV�IRU�\RXU�PDJQHW�WKHQ�YDOXHV�RI�.�� �ó�DQG�.�� ���VKRXOG�EH
UHDVRQDEOH�
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2WKHU�FRPPRQ�YDOXHV�DUH�

'LSROH�7\SH .� .�
/LQHDU ������ ���
&ODPSHG�5RJRZVNL �� ���
8QFODPSHG�5RJRZVNL �� ���
6TXDUH�(GJHG ��� ���

,03257$17�127(���LI�\RX�DUH�XVLQJ�.��WKHQ�\RXU�UHVXOWV�VKRXOG�EH�FKHFNHG
E\�D�ULJRURXV�UD\�WUDFH�SURJUDP�

%HQG�'LUHFWLRQ�LV�WKH�GLUHFWLRQ�LQ�ZKLFK�WKH�EHDP�LV�EHQW�E\�WKH�GLSROH�PDJQHW�³
DV�YLHZHG�ZKHQ�ORRNLQJ�LQ�WKH�GLUHFWLRQ�RI�EHDP�WUDYHO�

7KH�0DWUL[�SDJH��QRW�VKRZQ��GLVSOD\V�WKH�HOHPHQW�WUDQVSRUW�PDWUL[�IRU�D�VLQJOH
VOLFH��,I�WKH�QXPEHU���LV�HQWHUHG�LQWR�WKH�´1XPEHU�RI�6OLFHVµ�HGLW�ER[��WKH�PDWUL[�ZLOO
UHSUHVHQW�D�VLQJOH�HOHPHQW���L�H���RQH�VOLFH�UHSUHVHQWV�WKH�ZKROH�HOHPHQW���,I�¶Q·�LV
HQWHUHG��Q�EHLQJ�DQ\�QXPEHU�RI�VOLFHV��WKHQ�WKH�PDWUL[�ZLOO�UHSUHVHQW����Q�RI�WKH
HOHPHQW�

)LJXUH�������'LSROH�3ULPDU\�,QSXW

)LHOG�6WUHQJWK�LV�WKH�GHIDXOW�DQG�VKRZV�LQ�WKLV�VFUHHQ�IRU�FRQYHQLHQFH�

%HQG�$QJOH�PD\�EH�NQRZQ�ZKHQ�ILHOG�VWUHQJWK�LV�QRW�NQRZQ��)RU�WKLV�UHDVRQ�\RX
KDYH�WKH�RSWLRQ�RI�HQWHULQJ�WKH�EHQG�DQJOH�

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�)LHOG�6WUHQJWK�DQG�&XUUHQW�LV�JLYHQ�E\�WKH�HTXDWLRQ�LQ
WKH�GLDORJ�ER[��ZKHUH�¶%·�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�DQG�¶,·�LV�WKH�SRZHU�VXSSO\
RXWSXW�FXUUHQW�
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,I�\RX�NQRZ�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�SRZHU�VXSSO\�RXWSXW�FXUUHQW�DQG
WKH�ILHOG�VWUHQJWK��DQG�\RX�HQWHU�WKH�6ORSH�DQG�,QWHUFHSW��YDOXHV��\RX�PD\�FKRRVH
FXUUHQW�DV�WKH�SULPDU\�GDWD�LQSXW�IRU�WKH�GLSROH�PDJQHW�

Drift Length Form Fill-In

$�GULIW�OHQJWK�RU�GULIW�VSDFH�LV�DQ\�UHJLRQ�LQ�D�EHDP�WUDQVSRUW�V\VWHP�ZKHUH�QR
PDJQHWLF�RU�HOHFWULF�ILHOGV�DUH�SUHVHQW��)RU�H[DPSOH��WKH�VSDFHV�EHWZHHQ�PDJQHWV
DUH�XVXDOO\�GULIW�VSDFHV�

)LJXUH�������'ULIW�/HQJWK�)RUP�)LOO�,Q

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

/HQJWK���GHILQHV�WKH�WRWDO�ILHOG�IUHH�GLVWDQFH�LQ�PLOOLPHWHUV�

1XPEHU�RI�6OLFHV�LV�DQ�LQSXW�XVHG�E\�WKH�JUDSKLFV�URXWLQHV��7KH�QXPEHU�HQWHUHG�LQWR
WKH�HGLW�ER[�LV�WKH�QXPEHU�RI�SRLQWV�DORQJ�WKH�EHDP·V�WUDMHFWRU\��WKURXJK�WKH
HOHPHQW��DW�ZKLFK�FDOFXODWLRQV�ZLOO�EH�PDGH�DQG�GDWD�SORWWHG�

9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�SHU�HOHPHQW��1R�9DU\�LV�WKH�GHIDXOW�
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7KH�0DWUL[�SDJH��QRW�VKRZQ��GLVSOD\V�WKH�HOHPHQW�WUDQVSRUW�PDWUL[�IRU�D�VLQJOH
VOLFH��,I�WKH�QXPEHU���LV�HQWHUHG�LQWR�WKH�´1XPEHU�RI�6OLFHVµ�HGLW�ER[��WKH�PDWUL[�ZLOO
UHSUHVHQW�D�VLQJOH�HOHPHQW���L�H���RQH�VOLFH�UHSUHVHQWV�WKH�ZKROH�HOHPHQW���,I�¶Q·�LV
HQWHUHG��Q�EHLQJ�DQ\�QXPEHU�RI�VOLFHV��WKHQ�WKH�PDWUL[�ZLOO�UHSUHVHQW����Q�RI�WKH
HOHPHQW�

Non-Standard Form Fill-In

$�QRQ�VWDQGDUG�HOHPHQW�LV�W\SLFDOO\�DQ�RSWLFDO�FRPSRQHQW�ZKRVH�WUDQVSRUW�PDWUL[
PXVW�EH�QXPHULFDOO\�GHWHUPLQHG�E\�VSHFLDOL]HG�SURJUDPV��)RU�H[DPSOH��WKH�IULQJH
ILHOG�RI�D�F\FORWURQ�PD\�EH�LQFOXGHG�DV�D�QRQ�VWDQGDUG�HOHPHQW��7KLV�HOHPHQW�ZLOO
RQO\�EH�XVHG�E\�H[SHUWV�

)LJXUH�������1RQ�6WDQGDUG�)RUP�)LOO�,Q�³�3DUDPHWHU�	�0DWUL[�,QIRUPDWLRQ

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

/HQJWK��LV�WKH�OHQJWK�RI�WKH�HOHPHQW�LQ�PLOOLPHWHUV��7KH�OHQJWK�YDOXH�LV�XVHG�WR
DGMXVW�WKH�JUDSKLFV�SORWV�WR�WKH�FRUUHFW�VFDOH�

0DWUL[�YDOXHV�DUH�NQRZQ�YDOXHV�WKDW�FRPH�IURP�SURJUDPV�WKDW�WUDFN�FKDUJHG
SDUWLFOH�WUDMHFWRULHV�WKURXJK�WKUHH�GLPHQVLRQDO�HOHFWURPDJQHWLF�ILHOG�PDSV�
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Perturbation Form Fill-In

7KH�SHUWXUEDWLRQ�FDSDELOLW\�DOORZV�WKH�XVHU�WR�UHSUHVHQW�D�EHDP�ZKRVH�FHQWUDO
WUDMHFWRU\�LV�RII�FHQWHUHG�E\�;�PP�KRUL]RQWDOO\�DQG�RU�<�PP�YHUWLFDOO\��,Q
DGGLWLRQ��D�EHDP�ZKRVH�FHQWUDO�WUDMHFWRU\�LV�GLYHUJLQJ��PLV�VWHHUHG��E\�DQ�DQJOH�LQ
WKH�KRUL]RQWDO�SODQH�RI�;
�UDGLDQV��DQG�RU�LQ�WKH�YHUWLFDO�SODQH�RI�<
�UDGLDQV�FDQ
EH�UHSUHVHQWHG�

)LJXUH�������%HDP�3HUWXUEDWLRQ�)RUP�)LOO�,Q

1DPH�LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

;��;
��<��<
��SDUDPHWHU�YDOXHV�ZLOO�RIIVHW�WKH�EHDP�FHQWUDO�WUDMHFWRU\�E\�WKH�DPRXQWV
VSHFLILHG�LQ�WKH�%HDP�3HUWXUEDWLRQ�)RUP�)LOO�,Q��7KH�RIIVHW�RFFXUV�DW�WKH�=�FR�
RUGLQDWH�ZKHUH�WKH�3HUWXUEDWLRQ�LFRQ�LV�ORFDWHG�LQ�WKH�6%,�:LQGRZ�

Quadrupole Form Fill-In

$�TXDGUXSROH�PDJQHW�LV�XVHG�IRU�IRFXVLQJ�D�FKDUJHG�SDUWLFOH�EHDP��+RZHYHU�
XQOLNH�D�OHQV�XVHG�LQ�WKH�RSWLFV�RI�OLJKW��D�TXDGUXSROH�PDJQHW�IRFXVHV�LQ�RQH�SODQH
ZKLOH�GHIRFXVLQJ�LQ�WKH�SHUSHQGLFXODU�SODQH��)RU�H[DPSOH��D�¶KRUL]RQWDO·
TXDGUXSROH�PDJQHW�IRFXVHV�LQ�WKH�KRUL]RQWDO�SODQH�EXW�GHIRFXVHV�LQ�WKH�YHUWLFDO
SODQH�
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)LJXUH��������4XDGUXSROH�)RUP�)LOO�,Q�³�3DUDPHWHUV�3DJH

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

(IIHFWLYH�/HQJWK�LV�WKH�HIIHFWLYH�RSWLFDO�OHQJWK�RI�WKH�TXDGUXSROH�PDJQHW�LQ
PLOOLPHWHUV��7KH�HIIHFWLYH�OHQJWK�RI�D�TXDGUXSROH�PDJQHW�LV�XVXDOO\�HVWLPDWHG�DV
WKH�OHQJWK�RI�WKH�SROH�SOXV�WKH�ERUH�GLDPHWHU�EHWZHHQ�WKH�SROHV��&RQVHTXHQWO\�
WKH�HIIHFWLYH�OHQJWK�LV�XVXDOO\�D�ELW�ORQJHU�WKDQ�WKH�SK\VLFDO�OHQJWK�RI�WKH�PDJQHW�
VLQFH�LW�DFFRXQWV�IRU�WKH�ILHOG�WKDW�EXOJHV�RXWVLGH�WKH�PDJQHW�RQ�HLWKHU�HQG�

3ROH�7LS�)LHOG�6WUHQJWK�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�LQ�NLOR�*DXVV�

�&OLFNLQJ�WKH�VSHHG�EXWWRQ�EULQJV�XS�WKH�4XDGUXSROH�3ULPDU\�,QSXW�3DUDPHWHU
'LDORJ�ER[��5HIHU�WR�)LJXUH��²���SDJH����

%RUH�'LDPHWHU�LV�WKH�DSHUWXUH�VL]H�RI�WKH�TXDGUXSROH�PDJQHW�LQ�PLOOLPHWHUV�

1RWH��WKH�WHUP�DSHUWXUH�KDV�WZR�GLIIHUHQW�XVHV�LQ�WKLV�GRFXPHQW��8VXDOO\�LW�UHIHUV
WR�WKH�DSHUWXUH�VL]H�RI�WKH�SK\VLFDO�EHDP�SLSH�RU�GLDJQRVWLF�FROOLPDWRUV��EXW�ZKHQ
WDONLQJ�DERXW�ERUH�GLDPHWHUV�LW�UHIHUV�WR�WKH�DSHUWXUH�VL]H�RI�WKH�TXDGUXSROH
PDJQHW�

$OSKD�²�5RWDWLRQ�$ERXW�=��LV�WKH�URWDWLRQ�DQJOH�RI�WKH�TXDGUXSROH�DERXW�WKH�=�D[LV�
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4XDGUXSROH�2ULHQWDWLRQ�PD\�EH�HLWKHU�YHUWLFDO�RU�KRUL]RQWDO��9HUWLFDO�TXDGUXSROHV
ZLOO�IRFXV�LQ�<�DQG�GHIRFXV�LQ�;���+RUL]RQWDO�TXDGUXSROHV�ZLOO�IRFXV�LQ�;��DQG
GHIRFXV�LQ�<�

1XPEHU�RI�6OLFHV�LV�DQ�LQSXW�XVHG�E\�WKH�JUDSKLFV�URXWLQHV��7KH�QXPEHU�HQWHUHG�LQWR
WKH�HGLW�ER[�LV�WKH�QXPEHU�RI�SRLQWV�DORQJ�WKH�EHDP·V�WUDMHFWRU\��WKURXJK�WKH
HOHPHQW��DW�ZKLFK�FDOFXODWLRQV�ZLOO�EH�PDGH�DQG�GDWD�SORWWHG�

9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�SHU�HOHPHQW��1R�YDU\�LV�WKH�GHIDXOW�

)LJXUH�������4XDGUXSROH�)RUP�)LOO�,Q�³�3ULPDU\�,QSXW

)LHOG�6WUHQJWK�UDGLR�EXWWRQ�LV�WKH�GHIDXOW�

)LHOG�*UDGLHQW��LV�GHILQHG�DV���



�ILHOG

�ERUH�UDGLXV� �

4XDGUXSROH�6WUHQJWK�.�LV�GHILQHG�DV���
����ILHOG�JUDGLHQW����

�
PRPHQWXP
�FKDUJH

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�)LHOG�6WUHQJWK�DQG�&XUUHQW�LV�JLYHQ�E\�WKH�HTXDWLRQ�LQ
WKH�GLDORJ�ER[��ZKHUH�¶%·�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�DQG�¶,·�LV�WKH�SRZHU�VXSSO\
RXWSXW�FXUUHQW�

,I�\RX�NQRZ�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�SRZHU�VXSSO\�FXUUHQW�DQG�WKH
ILHOG�VWUHQJWK��DQG�\RX�HQWHU�WKH�6ORSH�DQG�,QWHUFHSW�YDOXHV��\RX�PD\�FKRRVH�FXUUHQW
DV�WKH�SULPDU\�GDWD�LQSXW�IRU�WKH�TXDGUXSROH�PDJQHW�
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Quadrupole Form Fill-In — Matrix Page

)LJXUH�������4XDGUXSROH�)RUP�)LOO�,Q�³�0DWUL[�3DJH

0DWUL[��GLVSOD\V�WKH�HOHPHQW�WUDQVSRUW�PDWUL[�IRU�D�VLQJOH�VOLFH��,I�WKH�QXPEHU���LV
HQWHUHG���LQWR�WKH�´1XPEHU�RI�6OLFHVµ�HGLW�ER[��4XDGUXSROH�3DUDPHWHUV�SDJH���WKH
PDWUL[�ZLOO�UHSUHVHQW�D�VLQJOH�HOHPHQW��L�H���RQH�VOLFH�UHSUHVHQWV�WKH�ZKROH�HOHPHQW��
,I�¶Q·�LV�HQWHUHG��Q�EHLQJ�DQ\�QXPEHU�RI�VOLFHV��WKHQ�WKH�PDWUL[�ZLOO�UHSUHVHQW����Q
RI�WKH�HOHPHQW�

Rotation Form Fill-In

6WDQGDUG�RSWLFDO�HOHPHQWV�VXFK�DV�TXDGUXSROH�DQG�GLSROH�PDJQHWV�DUH�VRPHWLPHV
LQVWDOOHG�DW�DQJOHV�URWDWHG�DERXW�WKH�=�D[LV��2QH�ZD\�WR�VLPXODWH�WUDQVSRUW�WKURXJK
VXFK�D�URWDWHG�HOHPHQW�LV�WR�URWDWH�WKH�EHDP�FR�RUGLQDWHV�E\�WKH�DSSURSULDWH�DQJOH
EHIRUH�HQWU\�LQWR�WKH�HOHPHQW�DQG�WKHQ�WR�URWDWH�WKH�EHDP�FR�RUGLQDWHV�E\�WKH
QHJDWLYH�DQJOH�DIWHU�H[LWLQJ�WKH�HOHPHQW��7KH�VHTXHQFH�LQ�WKH�6%,�:LQGRZ�ZRXOG
EH��5RWDWLRQ�LFRQ�SRVLWLYH�����DQJOH��6WDQGDUG�(OHPHQW�LFRQ��DQG�5RWDWLRQ�LFRQ
QHJDWLYH�����DQJOH�

1RWH�WKDW�WKH�TXDGUXSROH�PDJQHW�HOHPHQW�FDQ�EH�URWDWHG�GLUHFWO\�XVLQJ�$OSKD�²
5RWDWLRQ�DERXW�=�
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)LJXUH�������5RWDWLRQ�(OHPHQW�³�)RUP�)LOO�,Q

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

$QJOH��LV�WKH�DPRXQW�RI�EHDP�URWDWLRQ�DERXW�WKH�=�D[LV�LQ�GHJUHHV�

0DWUL[��GLVSOD\V�WKH�WUDQVIHU�PDWUL[�IRU�WKH�URWDWLRQ�LFRQ�

1RWH�WKDW�\RX�DUH�QRW�DEOH�WR�HGLW�WKH�PDWUL[�WDEOH�EHFDXVH�LW�LV�GHILQHG�E\�WKH
3DUDPHWHUV�ER[�DERYH�

Solenoid Form Fill-In

$�62/(12,'�PDJQHW�IRFXVHV�LQ�ERWK�SODQHV�DW�WKH�VDPH�WLPH�DQG�DOVR�FDXVHV
WKH�EHDP�WR�URWDWH�DERXW�WKH�=�D[LV�
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)LJXUH��������6ROHQRLG�)RUP�)LOO�,Q

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

(IIHFWLYH�/HQJWK�LV�WKH�HIIHFWLYH�RSWLFDO�OHQJWK�RI�WKH�VROHQRLG�HOHPHQW�LQ�PLOOLPHWHUV�
7KH�HIIHFWLYH�OHQJWK�LV�XVXDOO\�HVWLPDWHG�DV�WKH�D[LDO�OHQJWK�RI�WKH�FRLOV�SOXV�WKH
VROHQRLG�ERUH�GLDPHWHU�WR�DFFRXQW�IRU�WKH�ILHOG�WKDW�EXOJHV�RXW�DW�HLWKHU�HQG�RI�WKH
PDJQHW�

)LHOG�6WUHQJWK�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�LQ�NLOR�*DXVV�

�&OLFNLQJ�WKH�VSHHG�EXWWRQ�EULQJV�XS�WKH�6ROHQRLG�3ULPDU\�,QSXW�3DUDPHWHU��
'LDORJ�ER[��5HIHU�WR�)LJXUH��²���

1XPEHU�RI�6OLFHV�LV�DQ�LQSXW�XVHG�E\�WKH�JUDSKLFV�URXWLQHV��7KH�QXPEHU�HQWHUHG�LQWR
WKH�HGLW�ER[�LV�WKH�QXPEHU�RI�SRLQWV�DORQJ�WKH�EHDP·V�WUDMHFWRU\��WKURXJK�WKH
HOHPHQW��DW�ZKLFK�FDOFXODWLRQV�ZLOO�EH�PDGH�DQG�GDWD�SORWWHG�

9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�SHU�HOHPHQW��1R�9DU\�LV�WKH�GHIDXOW�
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)LJXUH��������6ROHQRLG�3ULPDU\�,QSXW

7KH�UHODWLRQVKLS�EHWZHHQ�WKH�)LHOG�6WUHQJWK�DQG�&XUUHQW�LV�JLYHQ�E\�WKH�HTXDWLRQ�LQ
WKH�GLDORJ�ER[��ZKHUH�¶%·�LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�DQG�¶,·�LV�WKH�SRZHU�VXSSO\
RXWSXW�FXUUHQW�

,I�\RX�NQRZ�WKH�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKH�SRZHU�VXSSO\�FXUUHQW�DQG�WKH
ILHOG�VWUHQJWK��DQG�\RX�HQWHU�WKH�6ORSH�DQG�,QWHUFHSW�YDOXHV��\RX�PD\�FKRRVH�FXUUHQW
DV�WKH�SULPDU\�GDWD�LQSXW�IRU�WKH�VROHQRLG�PDJQHW�

Thin Lens Form Fill-In

7KH�7+,1�/(16�HOHPHQW�UHSUHVHQWV�DQ�LGHDO�OHQV��7KLV�HOHPHQW�DGMXVWV�WKH�EHDP
IRFXV�LQVWDQWO\�DQG�FDQ�EH�XVHG�DV�D�FRUUHFWLRQ�ZLWKLQ�WKH�V\VWHP��RU�WR�PLPLF
OHQVHV�WKDW�DUH�QRW�SDUW�RI�WKLV�VRIWZDUH��H�J���HOHFWURVWDWLF�OHQVHV�
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)LJXUH��������7KLQ�/HQV�)RUP�)LOO�,Q

1DPH��LV�WKH�GHIDXOW�QDPH�EXW�\RX�PD\�UHQDPH�LW�DV�\RX�ZLVK�

;�)RFDO�/HQJWK�LV�WKH�IRFDO�OHQJWK�LQ�PLOOLPHWHUV�RI�WKH�WKLQ�OHQV�DORQJ�WKH�;�D[LV�
7KLV�YDOXH�PD\�EH�SRVLWLYH�RU�QHJDWLYH�

<�)RFDO�/HQJWK�LV�WKH�IRFDO�OHQJWK�LQ�PLOOLPHWHUV�RI�WKH�WKLQ�OHQV�DORQJ�WKH�<�D[LV�
7KLV�YDOXH�PD\�EH�SRVLWLYH�RU�QHJDWLYH�

9DU\�LV�D�UDGLR�EXWWRQ�WKDW�LQGLFDWHV�ZKLFK�SDUDPHWHU�PD\�EH�YDULHG�GXULQJ�WKH
UXQ��2QO\�RQH�SDUDPHWHU�PD\�EH�YDULHG�SHU�HOHPHQW��1R�9DU\�LV�WKH�GHIDXOW�

1RWH��WKH�WKLQ�OHQV�FDQQRW�EH�VOLFHG�
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6.4  Applying Constraints

7KH�&RQVWUDLQW�LFRQ�FDQ�EH�PDQLSXODWHG�LQ�WKH�VDPH�ZD\�DV�WKH�RWKHU�LFRQV�LQ�WKH
6%,�:LQGRZ��6HH�6HFWLRQ������0DQDJLQJ�,FRQV�

7R�XVH�WKH�&RQVWUDLQW�LFRQ��SODFH�LW�DW�DQ\�SRLQW�LQ�WKH�EHDPOLQH��6%,�:LQGRZ�
ZKHUH�\RX�PXVW�PHHW�D�EHDP�RU�WUDQVSRUW�PDWUL[�FRQVWUDLQW��7\SLFDOO\�WKH
&RQVWUDLQW�LFRQ�LV�OHIW�DW�WKH�HQG�RI�WKH�EHDPOLQH�WR�HQDEOH�WKH�XVHU�WR�FRQVWUDLQ
WKH�EHDP�VL]H�WR�ILW�WKH�WDUJHW�

&RQVWUDLQWV�FDQ�EH�SODFHG�RQ�WKH�EHDP�VL]H�RU�GLYHUJHQFH��RU�RQ�WKH�FXPXODWLYH
WUDQVSRUW�PDWUL[��7KH�FRQVWUDLQWV�DUH�DFWLYDWHG�DW�WKH�ORFDWLRQ�RI�WKH�&RQVWUDLQW
LFRQ�DORQJ�WKH�=�D[LV�LQ�WKH�6%,�:LQGRZ�

)RU�H[DPSOH��WKH�EHDP�WUDQVSRUW�V\VWHP�VSHFLILHG�LQ�WKH�6%,�:LQGRZ�PD\�QRW
\LHOG�D�EHDP�RI�DSSURSULDWH�VL]H�DW�WKH�WDUJHW��%\�SODFLQJ�WKH�&RQVWUDLQW�LFRQ�DW�WKH
WDUJHW�SRVLWLRQ�DQG�VSHFLI\LQJ�WKH�UHTXLUHG�EHDP�VL]H��WKH�SURJUDP�ZLOO�DXWRPDWL�
FDOO\�DGMXVW�WKH�¶YDU\·�SDUDPHWHUV�IURP�WKH�YDULRXV�EHDPOLQH�HOHPHQWV�WR�WU\�WR
DFKLHYH�FRQGLWLRQV�WKDW�ZLOO�FDXVH�WKH�EHDP�WR�PHHW�LWV�FRQVWUDLQWV��$OWHUQDWLYHO\�
WKH�XVHU�PD\�FKRRVH�WR�WU\�WR�PDQXDOO\�WXQH�D�VLQJOH�HOHPHQW�WKURXJK�WKH�9DU\
3DUDPHWHU�:LQGRZ�

7R�DFFHVV�WKH�&RQVWUDLQW�)RUP�)LOO�,Q�GLDORJ�ER[��GRXEOH�FOLFN�WKH�&RQVWUDLQW�LFRQ
WR�EULQJ�XS�WKH�SDJHV�
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Constraint Form Fill-In — Variable Parameters

)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�9DULDEOH�3DUDPHWHUV

7KH�9DULDEOH�3DUDPHWHU�SDJH�JLYHV�D�VXPPDU\�RI�EHDPOLQH�HOHPHQW�SDUDPHWHUV
WKURXJKRXW�WKH�V\VWHP�WKDW�KDYH�EHHQ�VHOHFWHG�DV�¶YDU\·�SDUDPHWHUV��7KLV�SDJH
VKRZV�WKDW�RQO\�RQH�¶YDU\·�SDUDPHWHU�FDOOHG�(IIHFWLYH�/HQJWK�KDV�EHHQ�VHOHFWHG�IRU
D�'ULIW�/HQJWK�HOHPHQW��7KH�(IIHFWLYH�/HQJWK�YDOXH�LV������PP��7KH�0D[LPXP
DQG�0LQLPXP�YDOXHV��������PP�DQG���PP�UHVSHFWLYHO\��DUH�WKH�UDQJH�WKDW�WKH
SURJUDP�XVHV�ZKHQ�LW�DXWRPDWLFDOO\�VROYHV�IRU�XVHU�VSHFLILHG�EHDP�RU�WUDQVSRUW
PDWUL[�FRQVWUDLQWV�

7KH�6PDOO�6WHS�DQG�%LJ�6WHS�9DOXHV�DUH�XVHG�ZKHQ�\RX�PDQXDOO\�WXQH�WKH�V\VWHP
WKURXJK�WKH�9DU\�3DUDPHWHU�:LQGRZ��7KH\�GHILQH�KRZ�ODUJH�D�MXPS�WKH�SURJUDP
PDNHV�ZLWK�HDFK�QHZ�WU\��<RX�PD\�FKRRVH�WR�WDNH�ELJ�VWHSV�RU�VPDOO�VWHSV�

1RWH��7R�DGG�RU�GHOHWH�HOHPHQWV�LQ�WKLV�IRUP�\RX�PXVW�H[LW�WKH�IRUP�DQG�JR�EDFN
WR�WKH�6%,�:LQGRZ��'RXEOH�FOLFN�WKH�HOHPHQW�LFRQ�\RX�ZLVK�WR�FKDQJH��7KLV
RSHQV�WKH�HOHPHQW�)RUP�)LOO�,Q�GLDORJ�ER[�ZKHUH�\RX�PD\�WRJJOH�WKH�DSSURSULDWH
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9DU\�UDGLR�EXWWRQ�RQ�RU�RII��7R�DFFHSW�\RXU�FKDQJHV�FOLFN�2.��7R�JHW�EDFN�WR�WKH
&RQWUDLQW�)RUP�)LOO�,Q�SDJH��GRXEOH�FOLFN�WKH�&RQVWUDLQW�LFRQ��7KH�FKDQJHV�\RX
PDGH�WR�WKH�¶YDU\·�SDUDPHWHUV�VKRXOG�EH�UHIOHFWHG�LQ�WKH�9DULDEOH�3DUDPHWHUV�SDJH�

7R�FKDQJH�WKH�HOHPHQW�9DOXH�DQG�RU�WKH�0D[LPXP��0LQLPXP��6PDOO�6WHS��RU�%LJ
6WHS�YDOXHV�FOLFN�RQ�WKH�DSSURSULDWH�JULG�ER[�DQG�HQWHU�WKH�QHZ�QXPEHU�V��

5HPHPEHU�WKDW�\RX�PXVW�VHOHFW�a6ROYH�IRU�&RQVWUDLQWV�XQGHU�WKH�5XQ�2SWLRQV
PHQX��%DVH�$SSOLFDWLRQ�:LQGRZ�WR�XVH�WKH�DXWRPDWLF�FRQVWUDLQW�VROYLQJ
DOJRULWKP��7KH�SURJUDP�WKHQ�VHDUFKHV�WKH�UDQJH�EHWZHHQ�WKH�PD[LPXP�DQG
PLQLPXP�YDOXHV�LQ�HTXLGLVWDQW�VWHSV�DV�GHILQHG�E\�WKH�QXPEHU�RI�LWHUDWLRQV��$W
HDFK�LWHUDWLRQ�WKH�SURJUDP�FKHFNV�WR�VHH�LI�WKH�FRQVWUDLQWV�KDYH�EHHQ�PHW�

Constraint Form Fill-In — Beam Constraints

)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV�
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Constraint Form Fill-In — Beam Constraints

)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�%HDP�&RQVWUDLQWV�

,I�RQH�RI�WKH�EHDP�KDOI�VL]H�SDUDPHWHUV�FRQWDLQV�D�� ��LQ�WKH�VPDOO�ER[�EHVLGH�LWV
HGLW�ER[��WKHQ�WKH�UXQ�DOJRULWKP�ZLOO�DWWHPSW�WR�PHHW�WKDW�FRQVWUDLQW��EXW�RQO\�LI

a6ROYH�IRU�&RQVWUDLQWV�XQGHU�WKH�5XQ�2SWLRQV�PHQX�KDV�EHHQ�VHOHFWHG�
2WKHUZLVH�WKH�SURJUDP�ZLOO�PRGHO�WKH�V\VWHP�EDVHG�RQ�WKH�QRPLQDO�GDWD�WKDW
UHVLGHV�LQ�WKH�6%,�:LQGRZ�

7KH�7ROHUDQFH�����HGLW�ER[�SURYLGHV�DQ�DFFHSWDQFH�RU�¶FORVH�HQRXJK·�UDQJH�IRU
WKH�EHDP�KDOI�VL]H�FRQVWUDLQW��,I�WKH�VLPXODWHG�KDOI�VL]H�LV�ZLWKLQ�WKH�����DPRXQWV�
WKHQ�WKH�SURJUDP�GHFODUHV�WKDW�LW�KDV�IRXQG�D�WXQH�WKDW�VROYHV�WKH�FRQVWUDLQW�
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Constraint Form Fill-In — Transport Matrix Constraints

)LJXUH��������&RQVWUDLQW�)RUP�)LOO�,Q�³�7UDQVSRUW�0DWUL[�&RQVWUDLQWV�

6KRXOG�\RX�UHTXLUH�D�SDUWLFXODU�LRQ�RSWLFDO�FRQGLWLRQ�LQ�WKH�V\VWHP��\RX�FDQ
VSHFLI\�FRQVWUDLQWV�RQ�WKH�V\VWHP�WUDQVSRUW�PDWUL[��7KLV�LV�SULPDULO\�XVHG�E\
H[SHUWV�RU�V\VWHP�GHVLJQHUV��7KH�7UDQVSRUW�0DWUL[�&RQVWUDLQWV�ZLOO�FRQVWUDLQ�WKH
FXPXODWLYH�WUDQVSRUW�PDWUL[�DW�WKH�ORFDWLRQ�RI�WKH�&RQVWUDLQW�LFRQ�LQ�WKH�6%,
:LQGRZ�

,I�D�YDOXH�LV�HQWHUHG�LQWR�D�FHOO�LQ�WKH�WRS�PDWUL[��WKDW�FHOO�ZLOO�EH�RQH�RI�WKH
FRQVWUDLQWV�WR�EH�VROYHG�IRU�LQ�WKH�QH[W�UXQ��,I�WKHUH�LV�QRWKLQJ�LQ�D�FHOO��WKHQ�WKDW
FHOO�LV�LJQRUHG�

,I�\RX�HQWHU�D�YDOXH�LQ�D�FHOO�LQ�WKH�WRS�PDWUL[�\RX�PXVW�DOVR�HQWHU�D�YDOXH�LQ�WKH
FRUUHVSRQGLQJ�FHOO�LQ�WKH�ERWWRP�PDWUL[���7KH�ERWWRP�PDWUL[�GHILQHV�WKH�UDQJH�RI
DFFHSWDQFH�RQ�WKH�FRQVWUDLQW�VR�WKH�SURJUDP�NQRZV�ZKHQ�LW�LV�¶FORVH�HQRXJK·�WR�D
VROXWLRQ�
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�����'LDJQRVWLF�7RROV
'LDJQRVWLF�LQIRUPDWLRQ�DERXW�\RXU�EHDPOLQH�ZLOO�ODUJHO\�FRPH�IURP�WKH�JUDSKLFV
ZLQGRZV��WKH�&ROOLPDWRU�7H[W�:LQGRZ�DQG�WKH�%HDP�7UDQVSRUW�6\VWHP��%76�
:LQGRZ�

,Q�DGGLWLRQ�WR�WKHVH�ZLQGRZV��WKHUH�DUH�VHYHUDO�GLDJQRVWLF�WRROV�DYDLODEOH�ZLWKLQ
WKH�6%,�:LQGRZ��7KH\�DUH�

• WKH�$SHUWXUHV�EXWWRQ�
• D�&URVV�6HFWLRQ�3ORW�LFRQ�
• DQ�(QG�5XQ�LFRQ��DQG
• WKH�6\VWHP�0HWULFV�LFRQ�

7KH�$SHUWXUHV�EXWWRQ��WKH�&URVV�6HFWLRQ�3ORW�LFRQ��DQG�WKH�(QG�5XQ�LFRQ�GHILQH
KRZ�WKH�GLDJQRVWLF�RXWSXW�ORRNV�DQG�RU�ZKHUH�DORQJ�WKH�EHDPOLQH�WKH�GDWD�FRPHV
IURP��7KH�6\VWHP�0HWULFV�LFRQ�LV�XVHG�WR�H[WUDFW�XVHIXO�LQIRUPDWLRQ�IURP�WKH
V\VWHP�

7KH�LFRQV�DUH�PDQDJHG�LQ�WKH�VDPH�ZD\�DV�WKRVH�GLVFXVVHG�LQ�&KDSWHU����
0DQDJLQJ�,FRQV��7KH�$SHUWXUHV�EXWWRQ�IXQFWLRQV�LQ�LWV�RZQ�XQLTXH�ZD\�

7.1  Apertures Button

7KH�$SHUWXUHV�EXWWRQ�LV�ORFDWHG�LQ�WKH�ERWWRP�OHIW�FRUQHU�RI�WKH�6%,�:LQGRZ�
:KHQ�\RX�FOLFN�WKH�$SHUWXUHV�EXWWRQ�\RX�EULQJ�XS�WKH�7UDQVSRUW�6\VWHP�²
$SHUWXUH�)RUP�)LOO�,Q�
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)LJXUH�������7UDQVSRUW�6\VWHP�³�$SHUWXUH�)RUP�)LOO�,Q

7KLV�YHU\�LPSRUWDQW�GLDORJ�ER[�LV�XVHG�WR�GHVFULEH�WKH�SK\VLFDO�GLPHQVLRQV�RI�WKH
EHDP�WUDQVSRUW�V\VWHP�EHDP�SLSH��FROOLPDWRUV�DQG�YDFXXP�ER[HV��$OO�WKH
DSHUWXUHV�GHVFULEHG�KHUH�ZLOO�EH�GLVSOD\HG�LQ�WKH�JUDSKLFV�SORWV�

1RWH��7R�YLHZ�KLGGHQ�SDUWV�RI�WKH�ZLQGRZ��XVH�WKH�VFUROO�EDUV�WR�PRYH�WKH�WH[W�WR
WKH�ULJKW�RU�OHIW�

Rules for Entering Data

• (DFK�URZ�LQ�WKH�JULG�UHSUHVHQWV�D�VLQJOH�DSHUWXUH�
• 7KH�VHTXHQFH�RI�DSHUWXUHV�LV�UHDG�IURP�WRS�WR�ERWWRP��7KLV�PHDQV�WKDW�WKH
EHDP�SDVVHV�WKURXJK�WKH�WRS�DSHUWXUH�ILUVW��WKHQ�WKURXJK�WKH�VHFRQG
DSHUWXUH��DQG�VR�RQ�GRZQ�WKH�OLVW�

• 7KH�FXUUHQW�URZ�LV�WKH�URZ�ZLWK�WKH�KLJKOLJKWHG�FHOO�
• 1HZ�URZV�DUH�DOZD\V�LQVHUWHG�EHIRUH�WKH�FXUUHQW�URZ�
• ,I�WKHUH�LV�RQO\�RQH�URZ�LQ�WKH�JULG��\RX�FDQQRW�GHOHWH�LW�

Insert, Delete and Edit Actions

• 7R�LQVHUW�D�QHZ�URZ�FOLFN�� ��

• 7R�GHOHWH�D�URZ�FOLFN�DQ\�FHOO�LQ�WKDW�URZ�DQG�WKHQ�FOLFN�� ��
• 7R�HGLW�D�FHOO�GRXEOH�FOLFN�LW��:KHQ�\RX�VHH�WKH�EOLQNLQJ�FXUVRU�RU
KLJKOLJKWHG�WH[W�\RX�PD\�VWDUW�HGLWLQJ�

• 7R�DFFHSW�\RXU�HQWULHV�DQG�FORVH�WKH�IRUP�FOLFN�� ��

Troubleshooting

:DWFK�IRU�PHVVDJHV�LQ�WKH�VWDWXV�EDU��,I�D�PHVVDJH�UHDGV��¶7KLV�FHOO�VKRXOG�QRW�EH
HPSW\�·�WKHQ�\RX�PXVW�HQWHU�D�FHOO�YDOXH�EHIRUH�WKH�URZ�ZLOO�EH�DFFHSWHG�
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Column Descriptions

1DPH�LV�WKH�QDPH�RI�WKH�DSHUWXUH�

6KDSH�LV�WKH�VKDSH�RI�WKH�DSHUWXUH�³�HLWKHU�Ellipse�RU�Rectangle��7KH
HQWU\�PXVW�EH�LQ�WKH�H[DFW�IRUPDW�VKRZQ��ZULWWHQ�LQ�IXOO��LQFOXGLQJ�WKH�FDSLWDO
OHWWHUV�DW�WKH�EHJLQQLQJ�RI�WKH�ZRUGV��,I�\RX�HQWHU�LW�LQFRUUHFWO\��WKH�VWDWXV�EDU�ZLOO
GLVSOD\�D�PHVVDJH�VD\LQJ�WKDW�DQ�HUURU�KDV�RFFXUUHG�

+RUL]RQWDO�)XOO�:LGWK�LV�WKH�IXOO�VL]H�RI�WKH�DSHUWXUH�DORQJ�WKH�KRUL]RQWDO�D[LV�LQ
PLOOLPHWHUV�

9HUWLFDO�)XOO�:LGWK�LV�WKH�IXOO�VL]H�RI�WKH�DSHUWXUH�DORQJ�WKH�YHUWLFDO�D[LV�LQ
PLOOLPHWHUV�

&HQWHU�&R�RUGLQDWHV�DUH�WKH�FHQWHU�;���<�FR�RUGLQDWHV�IRU�WKH�DSHUWXUH�LQ�PLOOLPHWHUV�
; ���< ��PHDQV�WKDW�WKH�DSHUWXUH�LV�FHQWHUHG�ZLWK�UHVSHFW�WR�WKH�EHDPOLQH�D[LV�
; ���< ��PHDQV�WKDW�WKH�FHQWHU�RI�WKH�DSHUWXUH�LV���PLOOLPHWHU�WR�WKH�ULJKW�DQG��
PLOOLPHWHU�DERYH�WKH�EHDPOLQH�D[LV�

/HQJWK�LV�WKH�OHQJWK�RI�WKH�DSHUWXUH�DORQJ�WKH�=�D[LV�LQ�PLOOLPHWHUV�

7\SH�LV�RQH�RI�ILYH�GLIIHUHQW�DSHUWXUHV��<RX�PD\�FKRRVH� ��1R�5HDGEDFN��
��5HDGEDFN��� ��7RS�DQG�%RWWRP�5HDGEDFN��� ��/HIW�DQG�5LJKW�5HDGEDFN���RU
��7RS��%RWWRP��/HIW��5LJKW�5HDGEDFN���7KH�W\SH�\RX�FKRRVH�ZLOO�GHILQH�KRZ

EHDP�VSLOO�GDWD�LV�SUHVHQWHG�LQ�WKH�&ROOLPDWRU�:LQGRZ�

'HVFULSWLRQ�LV�D�GHVFULSWLRQ�RI�WKH�DSHUWXUH��<RX�PD\�HQWHU�DQ\�GHVFULSWLRQ�\RX
ZLVK�

��VKRZV�WKH�VWDWXV�PHVVDJHV�IRU�WKH�GLDORJ�ER[��$OVR�
ZKHQ�GDWD�DUH�HQWHUHG�LQFRUUHFWO\��LW�GLVSOD\V�HUURU�PHVVDJHV�DQG�JLYHV�VXJJHVWLRQV�
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7.2  Cross-Section Plot Icon

7KH�&URVV�6HFWLRQ�3ORW�LFRQ�FDQ�EH�SODFHG�DW�DQ\�ORFDWLRQ�DORQJ�WKH�EHDPOLQH·V
=�D[LV��6%,�:LQGRZ���,W�LV�W\SLFDOO\�SODFHG�DW�ORFDWLRQV�RI�LQWHUHVW�WR�WKH�XVHU��VXFK
DV�DW�WKH�WDUJHW�DW�WKH�HQG�RI�WKH�EHDPOLQH�

7KH�SODFHPHQW�RI�WKH�&URVV�6HFWLRQ�3ORW�LFRQ�GHWHUPLQHV�ZKHUH�DOO�FURVV�VHFWLRQDO
DQG�RU�LQWHQVLW\�SORW�GDWD�ZLOO�EH�JHQHUDWHG��7KH�SRVLWLRQ�RI�WKH�&URVV�6HFWLRQ
3ORW�LFRQ�VKRZV�DV�D�YHUWLFDO�\HOORZ�OLQH�LQ�DOO�WKH�ORQJLWXGLQDO�SORWV��7KHUH�LV�QR
GLDORJ�ER[�DVVRFLDWHG�ZLWK�WKH�&URVV�6HFWLRQ�3ORW�LFRQ�

7.3  End Run Icon

7KH�(QG�5XQ�LFRQ�LV�XVHG�WR�VWRS�WKH�UXQ�DOJRULWKP�DW�D�GHVLUHG�=�FR�RUGLQDWH��,W
LV�XVHG�RQO\�IRU�PXOWL�SDUWLFOH�EHDPV�DQG�FDQ�EH�SODFHG�DW�DQ\�ORFDWLRQ�LQ�WKH
EHDPOLQH�DORQJ�WKH�=�D[LV�

,I�\RX�DUH�RQO\�LQWHUHVWHG�LQ�REWDLQLQJ�GDWD�DW�D�SDUWLFXODU�=�ORFDWLRQ�DORQJ�WKH
EHDPOLQH�ZLWK�WKH�*HW�6\VWHP�0HWULFV�LFRQ��WKHUH�LV�QR�QHHG�WR�GR�IXUWKHU
FDOFXODWLRQV�DORQJ�WKH�EHDPOLQH��,Q�WKLV�FDVH�WKH�(QG�5XQ�LFRQ�VKRXOG�EH�SODFHG
LPPHGLDWHO\�DIWHU��WR�WKH�ULJKW��RI�WKH�*HW�6\VWHP�0HWULFV�LFRQ��VR�QR�IXUWKHU
FDOFXODWLRQV�DUH�SHUIRUPHG��7KHUH�LV�QR�GLDORJ�ER[�DVVRFLDWHG�ZLWK�WKH�(QG�5XQ
LFRQ�

7.4  Get System Metrics Icon

$Q\�QXPEHU�RI�*HW�6\VWHP�0HWULFV�LFRQV�FDQ�EH�LQVHUWHG�LQ�WKH�EHDPOLQH�DW
SRVLWLRQV�RI�\RXU�FKRLFH�DORQJ�WKH�=�D[LV��7KH�RQO\�FRQGLWLRQ�LV�WKDW�WKH\�EH
SODFHG�DIWHU�WKH�%HDP�6RXUFH�LFRQ�

:KHQ�\RX�SODFH�D�*HW�6\VWHP�0HWULFV�LFRQ�\RX�DUH�DVNLQJ�IRU�PHDVXUHPHQW
LQIRUPDWLRQ�DERXW�WKH�EHDP�KDOI�VL]HV��WKH�FXPXODWLYH�EHDP�VLJPD�PDWUL[��WKH
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FXPXODWLYH�WUDQVSRUW�PDWUL[�DQG�WKH�SDUWLFOH�YHFWRU�FR�RUGLQDWHV��7KLV�GDWD�LV
JHQHUDWHG�DW�WKH�=�FR�RUGLQDWH�RI�WKH�*HW�6\VWHP�0HWULFV�LFRQ�

Measurement Readouts

7R�DFFHVV�WKH�WKUHH�6\VWHP�0HWULFV�UHDGRXW�SDJHV��GRXEOH�FOLFN�WKH�*HW�6\VWHP
0HWULFV�LFRQ��7KLV�EULQJV�XS�WKH�6\VWHP�3URSHUWLHV�SDJH�

)LJXUH�������6\VWHP�3URSHUWLHV�3DJH

7KH�6\VWHP�3URSHUWLHV�SDJH�VKRZV�WKH�PDLQ�%HDP�3DUDPHWHUV�VXFK�DV�WKH�EHDP
KDOI�VL]HV�DW�WKH�=�FR�RUGLQDWH�QRWHG�LQ�WKH�HGLW�ER[�WLWOHG�¶=�·�

7KLV�LFRQ�ZDV�RULJLQDOO\�XVHG�IRU�WHVWLQJ�WKH�VRIWZDUH�EXW�KDV�EHHQ�NHSW�DV�D�XWLOLW\
LFRQ��1RWH�WKDW�\RX�FDQQRW�HGLW�WKH�SDUDPHWHUV�LQ�WKLV�VFUHHQ��7KH\�DUH�UHDGRXWV
RQO\�

7KH�V\VWHP�LQIRUPDWLRQ�YDOXHV�FDQ�EH�SULQWHG�RU�FRSLHG�IURP�WKLV�VFUHHQ��RU��FDQ
EH�SULQWHG�IURP�WKH�%HDP�7UDQVSRUW�6\VWHP��%76��7H[W�:LQGRZ��IRXQG�LQ�WKH
:LQGRZ�PHQX��%DVH�$SSOLFDWLRQ��5HIHU�WR�&KDSWHU�����
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)LJXUH�������6\VWHP�0DWULFHV�3DJH

7KH�6\VWHP�0DWULFHV�SDJH�VKRZV�WKH�&XPXODWLYH�%HDP�6LJPD�0DWUL[�DQG
&XPXODWLYH�7UDQVSRUW�0DWUL[�DW�WKH�=�FR�RUGLQDWH�RI�WKH�*HW�6\VWHP�0HWULFV
LFRQ��,Q�WKLV�H[DPSOH��WKH�=�FR�RUGLQDWH�ZULWWHQ�DW�WKH�WRS�RI�WKH�SDJH�LV
= ��������

7KH�V\VWHP�PDWULFHV�YDOXHV�FDQ�EH�SULQWHG�RU�FRSLHG�IURP�WKLV�VFUHHQ��RU��FDQ�EH
SULQWHG�IURP�WKH�%HDP�7UDQVSRUW�6\VWHP��%76��7H[W�:LQGRZ��IRXQG�LQ�WKH
:LQGRZ�PHQX��%DVH�$SSOLFDWLRQ��5HIHU�WR�&KDSWHU�����
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)LJXUH�������3DUWLFOHV�3DJH

3URYLGHG�WKDW�\RX�UDQ�D�PXOWL�SDUWLFOH�EHDP��QRW�DQ�HQYHORSH�EHDP���WKH�3DUWLFOHV
SDJH�VKRZV�WKH�FR�RUGLQDWHV�IRU�DOO�SDUWLFOHV�DW�WKH�*HW�6\VWHP�0HWULFV�LFRQ�=
ORFDWLRQ�

7KH�SDUWLFOH�FR�RUGLQDWHV�FDQ�EH�VDYHG�WR�ILOH��SULQWHG�RU�FRSLHG�
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�����*UDSKLFV�0DQDJHPHQW

7KLV�FKDSWHU�ORRNV�DW�WKH�FKRLFHV�\RX�PXVW�PDNH�WR�JHW�WKH�PRVW�RXW�RI�WKH
JUDSKLFV�ZLQGRZV�

8.1  Looking at Plot Types

+HUH�ZH�VKRZ�H[DPSOHV�RI�WKH�WKUHH�PDLQ�SORW�W\SHV�³�ORQJLWXGLQDO��FURVV�
VHFWLRQDO�DQG�LQWHQVLW\�

 Longitudinal Plot

)LJXUH�������/RQJLWXGLQDO�3ORW�RI�DQ�(QYHORSH�%HDP�5XQ
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 Longitudinal Plot

)LJXUH�������/RQJLWXGLQDO�3ORW�RI�D�3DUWLFOH�%HDP�5XQ

  Cross-Sectional Plots

)LJXUH�������&URVV�6HFWLRQDO�3ORW�RI�DQ�(QYHORSH�%HDP�5XQ
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�Cross-Sectional Plot

)LJXUH�������&URVV�6HFWLRQDO�3ORW�RI�D�3DUWLFOH�%HDP�5XQ

 Intensity Plot

)LJXUH�������,QWHQVLW\�3ORW�RI�D�3DUWLFOH�%HDP�5XQ
,Q�WKH�QH[W�VHFWLRQ�ZH�FRYHU�WKH�JUDSKLFV�SURSHUWLHV�DVVRFLDWHG�ZLWK�HDFK�SORW
W\SH�
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8.2  Choosing Graphics Properties
�� 3ODFH�WKH�FXUVRU�LQ�HLWKHU�RI�WKH�JUDSKLFV�ZLQGRZV�DQG�ULJKW�FOLFN�
�����7KLV�EULQJV�XS�WKH�SRS�XS�PHQX�

�� 6HOHFW�3URSHUWLHV�WR�YLHZ�WKH�3URSHUWLHV�1RWHERRN��*UDSK�7\SH
�����SDJH�

7KHUH�DUH�VL[�SDJHV�LQ�WKH�3URSHUWLHV�1RWHERRN��$OO�JUDSKLFV�ZLQGRZ�SURSHUWLHV
DUH�VHW�RU�FKDQJHG�ZLWKLQ�WKHVH�SDJHV��7KH�RSWLRQV�DUH�GHVFULEHG�EHORZ�

Graph Type Page

)LJXUH�������*UDSK�7\SH�3DJH

�� 8QGHU�*UDSK�7\SH�FOLFN�/RQJLWXGLQDO��&URVV�6HFWLRQDO�RU
�����,QWHQVLW\��7KLV�ZLOO�DFWLYDWH�WKH�ER[�HV��GLUHFWO\�EHORZ�

�� 6HOHFW�WKH�D[HV�RI�\RXU�FKRLFH��7KH���PDLQ�FR�RUGLQDWH�D[HV�RI
�����LQWHUHVW�DUH�;��;
��<��<
��∆�DQG�=��7KH�FR�RUGLQDWH�D[LV�7>F�U@�UHIHUV
�����WR�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[�HOHPHQW�ORFDWHG�LQ�WKH�XVHU�
�����GHILQHG�&ROXPQ��F��DQG�5RZ��U��

�� 6HOHFW�$FWLYH�LQ�WKH�$QLPDWLRQ�ER[��IRU�&URVV�6HFWLRQDO�DQG
�����,QWHQVLW\�3ORWV�RQO\��LI�\RX�ZLVK�WR�VHH�WKHVH�WUDQVYHUVH�SORWV�DSSHDU
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�����DV�DQ�DQLPDWHG�PRYLH�XVLQJ�HDFK�VOLFH�LQ�WKH�EHDPOLQH��:LWKRXW
�����DQLPDWLRQ��\RX�ZLOO�VHH�RQO\�RQH�SORW�DW�WKH�=�FR�RUGLQDWH�RI�WKH
�����&URVV�6HFWLRQ�3ORW�LFRQ�

�� 7R�NHHS�\RXU�FKDQJHV�FOLFN�WKH�$FFHSW�EXWWRQ��7R�LJQRUH�WKHP�FOLFN
�����WKH�&DQFHO�EXWWRQ�

�� 7R�JR�WR�D�GLIIHUHQW�SDJH�FOLFN�WKH�WRS�SDJH�WDE�RI�\RXU�FKRLFH�

Title/Labels Page

(QWHU�WKH�JUDSK�WLWOHV�DQG�ODEHOV�RQ�WKLV�SDJH�

)LJXUH�������7LWOH�/DEHOV�3DJH

�� 7R�HQWHU�QHZ�WH[W�LQWR�DOO�WKH�WH[W�ER[HV��FOLFN�WKH�&OHDU�7H[W�%R[HV
�����EXWWRQ�

�� (QWHU�WKH�JUDSK�WLWOH�LQ�WKH�¶7LWOH�·�WH[W�ER[��7KH�WLWOH�ZLOO�EH
�����GLVSOD\HG�FHQWHUHG�DW�WKH�WRS�RI�WKH�JUDSKLFV�ZLQGRZ�

��� (QWHU�WKH�D[HV�QDPHV�LQ�WKH�¶;�/DEHO�·�DQG�RU�¶<�/DEHO�·�WH[W�ER[HV�
�����7KHVH�EHFRPH�ODEHOV�WR�WKH�DSSURSULDWH�D[HV�LQ�WKH�JUDSKLFV�ZLQGRZ�

��� 7R�NHHS�\RXU�FKDQJHV�FOLFN�WKH�$FFHSW�EXWWRQ��7R�LJQRUH�WKHP�FOLFN
�����WKH�&DQFHO�EXWWRQ�
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Frame

&KRRVH�WKH�SRVLWLRQ�RI�WKH�IUDPH�DQG�WKH�VFUHHQ�EDFNJURXQG�FRORU�LQ�WKLV�SDJH�

)LJXUH�������)UDPH�3DJH

��� 7R�VHW�WKH�IUDPH�GLVSOD\�UDQJH�HQWHU�\RXU�QXPEHUV�RU�FR�RUGLQDWH
�����FKRLFHV�LQWR�WKH�¶%RWWRP���/HIW���7RS��DQG�5LJKW�·�WH[W�ER[HV��7KH
�����QXPEHUV�FRUUHVSRQG�WR�WKH�IXOO�H[WHQWV�RI�WKH�SORW�EHLQJ�GLVSOD\HG�
�����)RU�WKH�H[DPSOH�VKRZQ��WKH�EHDPOLQH�ZHQW�IURP�= ��PP�WR
�����= ���������PP��DQG�WKH�HQYHORSH�H[WHQWV�ZHUH���RU�²������PP�
�����<RX�PD\�FKRRVH�DQ\�FR�RUGLQDWHV�\RX�ZLVK��$QG�\HV��\RX�FDQ�]RRP
�����XVLQJ�WKLV�IHDWXUH�

��� 7R�SUHYLHZ�WKH�IUDPH�GLVSOD\��FOLFN�WKH�$SSO\�9DOXHV�EXWWRQ��7KH
�����YDOXHV�DUH�127�DSSOLHG�WR�WKH�UHDO�JUDSKLFV�GLVSOD\�XQWLO�\RX�FOLFN
�����WKH�$FFHSW�EXWWRQ�

��� 7R�XVH�WKH�GHIDXOW�YDOXHV�IRU�WKH�IUDPH�GLVSOD\�FOLFN�WKH�6HW�WR
�����'HIDXOWV�EXWWRQ��,W�UHVHWV�WKH�IRXU�IUDPH�YDOXHV�WR�%RWWRP�����
�����/HIW������7RS����DQG�5LJKW����

��� 7R�ORFN�WKH�IUDPH�GLVSOD\�YDOXHV�DQG�SUHYHQW�DFFLGHQWDO�RU
�����LQWHQWLRQDO�FKDQJHV�WR�WKH�WH[W�ER[HV�FOLFN�WKH�)UHH]H�)UDPH�RQ�
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��� ,03257$17��7R�VHW�WKH�ZLQGRZ�EDFNJURXQG�FRORU�IRU�VFUHHQ
�����XVH��FOLFN�%ODFN��,I�\RX�SODQ�WR�SULQW�WKH�JUDSKLFV��FOLFN�6LOYHU��<RX
�����FDQ�WKHQ�FRS\�WKH�JUDSKLFV�WR�WKH�FOLSERDUG�DQG�SDVWH�LQWR�DQRWKHU
�����GRFXPHQW�NQRZLQJ�\RX�ZLOO�KDYH�D�JRRG�SULQW�RXW�ZLWK�D�VLOYHU
�����EDFNJURXQG�

��� 7R�NHHS�\RXU�FKDQJHV�FOLFN�WKH�$FFHSW�EXWWRQ��7R�LJQRUH�WKHP�FOLFN
�����WKH�&DQFHO�EXWWRQ�

Text Blocks

7H[W�EORFNV�RU�FRPPHQWV�FDQ�EH�DGGHG�WR�D�JUDSKLFV�ZLQGRZ�LQ�/RQJLWXGLQDO�RU
&URVV�6HFWLRQDO�PRGH�WKURXJK�WKH�IROORZLQJ�QRWHERRN�SDJH�

)LJXUH�������7H[W�%ORFNV�3DJH

7KH�7H[W�%ORFNV�SDJH�LV�GLYLGHG�LQWR�WZR�PDLQ�VHFWLRQV��7KH�XSSHU�VHFWLRQ�JULG�LV
D�GLVSOD\�RI�DOO�FXUUHQWO\�HQWHUHG�WH[W�EORFNV��7KH�ORZHU�VHFWLRQ�HGLW�ER[HV�DQG
FRPPDQGV�DUH�XVHG�WR�HQWHU�DQ\�WH[W�\RX�ZLVK�DQG�WR�SODFH�LW�DW�WKH�FR�RUGLQDWHV
RI�\RXU�FKRLFH�

��� &OLFN�DQ�H[LVWLQJ�LWHP�LQ�WKH�VWULQJ�JULG�WR�ORDG�LWV�SDUDPHWHUV�LQWR
������WKH�HGLW�ER[HV�
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��� &OLFN�$GG�0RGLI\�WR�HGLW�WKH�FXUUHQWO\�VHOHFWHG�WH[W�EORFN�

��� &OLFN�5HPRYH�WR�GHOHWH�WKH�FXUUHQW�VHOHFWHG�WH[W�EORFN�

��� 7R�DGG�D�QHZ�WH[W�EORFN��FOLFN�DQ�HPSW\�URZ�DW�WKH�ERWWRP�RI�WKH
�����VWULQJ�JULG��7KLV�ZLOO�ORDG�DQ�HPSW\�WH[W�EORFN�ZLWK�D�QHZ�LQGH[�YDOXH
�����LQWR�WKH�HGLW�ER[HV��7KHQ��HQWHU�DOO�WKH�UHTXLUHG�SDUDPHWHUV�DQG�FOLFN
�����$GG�0RGLI\�

��� 7R�FOHDU�DOO�H[LVWLQJ�WH[W�EORFNV��FOLFN�&OHDU�$OO�

��� 7R�VDYH�\RXU�FKDQJHV��FOLFN�$FFHSW��7R�LJQRUH�\RXU�FKDQJHV��FOLFN
�����&DQFHO�

Axes

&KRRVH�WKH�D[HV�FRORU�DQG�ORFDWLRQ�WKURXJK�WKLV�SDJH�

)LJXUH��������$[HV�3DJH

��� &OLFN�RQH�UDGLR�EXWWRQ�XQGHU�¶;�$[LV�7\SH·�DQG�RQH�XQGHU�¶<�$[LV
�����7\SH·��<RXU�FKRLFHV�DUH�

• $[LV2II���QR�D[LV�DSSHDUV�
• $[LV0LQ���WKH�D[LV�DSSHDUV�LQ�WKH�PLQLPXP�SRVLWLRQ�³�DW�WKH
ERWWRP�IRU�DQ�;�D[LV�DQG�DW�WKH�OHIW�IRU�D�<�D[LV�
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• $[LV0D[���WKH�D[LV�DSSHDUV�LQ�WKH�PD[LPXP�SRVLWLRQ�³�DW�WKH�WRS
IRU�DQ�;�D[LV�DQG�DW�WKH�ULJKW�IRU�D�<�D[LV�

• $[LV&HQWHU���WKH�D[LV�DOZD\V�DSSHDUV�FHQWUHG�ZLWKLQ�WKH�IUDPH�
• $[LV=HUR���WKH�D[LV�DSSHDUV�DW�]HUR�LI�WKH�YDOXH�]HUR�LV�ZLWKLQ�WKH
IUDPH��2WKHUZLVH�LW�DSSHDUV�DV�$[LV0LQ�RU�$[LV0D[�ZKLFKHYHU�VLGH
RI�WKH�IUDPH�LV�FORVHVW�WR�WKH�]HUR�YDOXH�

��� 7R�VHW�WKH�D[HV�FRORU��HQWHU�D�YDOXH�IURP���WR�����LQ�HDFK�RI�WKH
�����¶$[HV�&RORU·�WH[W�ER[HV��%RWK�D[HV�VKRZ�WKH�VDPH�FRORU��7KLV�FRORU
�����LV�D�FRPELQDWLRQ�RI�WKH�5HG��*UHHQ�DQG�%OXH�YDOXHV�

��� 7R�XVH�WKH�GHIDXOW�VHWWLQJV��FOLFN�6HW�WR�'HIDXOWV��7KH�GHIDXOW
�����VHWWLQJV�DUH��;�$[LV�7\SH�²�$[LV&HQWHU��<�$[LV�7\SH�²�$[LV�=HUR�
�����$[HV�&RORUV�²�5HG����*UHHQ������DQG�%OXH�����

��� 7R�NHHS�\RXU�FKDQJHV�FOLFN�WKH�$FFHSW�EXWWRQ��7R�LJQRUH�WKH
�����FKDQJHV�FOLFN�WKH�&DQFHO�EXWWRQ�

Border/Grid

$GG�D�ERUGHU�RU�JULG�WR�WKH�JUDSKLFV�ZLQGRZ�WKURXJK�WKLV�SDJH�

)LJXUH��������%RUGHU�*ULG�3DJH
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��� &OLFN�%RUGHU2Q�WR�DGG�D�ERUGHU��&OLFN�%RUGHU2II�WR�UHPRYH�WKH
�����ERUGHU�

7KH�ERUGHU�LV�D�UHFWDQJOH�DURXQG�WKH�DUHD�RI�WKH�FDQYDV�WKDW�GLVSOD\V�WKH
ORQJLWXGLQDO��FURVV�VHFWLRQDO�RU�LQWHQVLW\�SORWV�

��� &OLFN�*ULG�2Q�WR�DGG�D�JULG��&OLFN�*ULG2II�WR�UHPRYH�WKH�JULG�

7KH�JULG�LV�D�VHULHV�RI�YHUWLFDO�DQG�KRUL]RQWDO�OLQHV�VHSDUDWHG�E\�WKH�QXPEHU�RI
SL[HOV�VSHFLILHG�LQ�WKH�¶*ULG�6HSDUDWLRQ·�WH[W�ER[�

��� 8QGHU�¶%RUGHU�&RORU·�HQWHU�YDOXHV�IURP���WR�����IRU�WKH�5HG��
�����*UHHQ��DQG�%OXH��WH[W�ER[HV�

��� 8QGHU�¶*ULG�&RORU·�HQWHU�YDOXHV�IURP���WR�����IRU�WKH�5HG���*UHHQ�
�����DQG�%OXH��WH[W�ER[HV�

7KH�ILQDO�FRORU�IRU�WKH�ERUGHU�RU�JULG�LV�D�FRPELQDWLRQ�RI�WKH�5HG��*UHHQ�DQG
%OXH�YDOXHV�

��� 7R�ORDG�WKH�GHIDXOW�YDOXHV�FOLFN�HLWKHU�WKH�6HW�WR�%RUGHU�'HIDXOWV
�����EXWWRQ�DQG�RU�WKH�6HW�WR�*ULG�'HIDXOWV�EXWWRQ�

��� 7R�NHHS�\RXU�FKDQJHV�FOLFN�WKH�$FFHSW�EXWWRQ��7R�LJQRUH�WKH
�����FKDQJHV�FOLFN�WKH�&DQFHO�EXWWRQ�
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8.3  Graphics Pop-up Menu

)LJXUH��������%RUGHU�*ULG�3DJH

3ODFH�WKH�FXUVRU�LQ�HLWKHU�RI�WKH�JUDSKLFV�ZLQGRZV�DQG�ULJKW�FOLFN��7KLV�EULQJV�XS
WKH�SRS�XS�PHQX��7KH�SRS�XS�PHQX�FRQWDLQV�DOO�WKH�JOREDO�FRPPDQGV�WKDW�DSSO\
WR�WKH�JUDSKLFV�ZLQGRZV�

6HOHFW� 7R�

3URSHUWLHV 6HH�VHFWLRQ������WKLV�FKDSWHU�

&OHDU�)UDPH 5HPRYH�DOO�SRLQWV��OLQHV�DQG�HOOLSVHV�FXUUHQWO\
VWRUHG�ZLWKLQ�WKH�ZLQGRZ�

&OHDU�$OO 5HPRYH�WKH�GDWD�WKDW�VSHFLILHV�KRZ�WKH
JUDSKLFV�ZLQGRZV�ORRN�DQG�UHVHW�WR�WKH�ZLQGRZ
GHIDXOWV��7KHUH�LV�D�FRQILUPDWLRQ�GLDORJ�ER[�WR
YHULI\�WKLV�DFWLRQ�
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5HIUHVK�7DJ &KRRVH�ZKHWKHU�WKH�QH[W�EHDPOLQH�UXQ�ZLOO
EH�GUDZQ�RYHU�WRS�RI�WKH�H[LVWLQJ�SORW��5HIUHVK
7DJ�LV�RII��RU�ZKHWKHU�WKH�VFUHHQ�LV�UHIUHVKHG
SULRU�WR�HDFK�EHDPOLQH�UXQ��5HIUHVK�7DJ�LV�RQ��

)UHH]H�)UDPH )UHH]H�WKH�IUDPH�GLVSOD\�VHWWLQJV��3URSHUWLHV
1RWHERRN�

([SRUW�,PDJH ([SRUW�WKH�DFWXDO�ZLQGRZ�LPDJH«
7R�)LOH 6DYH�WKH�LPDJH�DV�D�QHZO\�QDPHG�ELWPDS�

$�VDYH�GLDORJ�ER[�RSHQV�ZLWK�D�WH[W�ER[�WR�HQWHU
WKH�QHZ�ILOHQDPH�

7R�&OLSERDUG &RS\�WKH�LPDJH�DV�D�ELWPDS�WR�WKH�FOLSERDUG�

([SRUW�,QYHUWHG ([SRUW�DQ�LQYHUVLRQ�RI�WKH�DFWXDO�ZLQGRZ�LPDJH
7R�)LOH VDYH�DQ�LQYHUWHG�LPDJH�DV�D�QHZO\�QDPHG�ELWPDS�

$�VDYH�GLDORJ�ER[�RSHQV�ZLWK�D�WH[W�ER[�WR�HQWHU
WKH�QHZ�ILOHQDPH�

7R�&OLSERDUG &RS\�WKH�LQYHUWHG�LPDJH�DV�D�ELWPDS�WR�WKH
FOLSERDUG

,QYHUW�7R�&RORU� 7RJJOH�EHWZHHQ�WKH�WZR�RSWLRQV��,I�WKH�FDSWLRQ
%	: LV�·,QYHUW�WR�&RORU·�WKHQ�D�FRORU�DSSUR[LPDWLRQ

RI�WKH�LQYHUWHG�LPDJH�LV�FUHDWHG��,I�WKH�FDSWLRQ�LV
¶,QYHUW�WR�%	:·�WKHQ�WKH�LPDJH�LV�VWULFWO\�EODFN
DQG�ZKLWH�

3ULQW�,PDJH 3ULQW�WKH�FXUUHQW�ZLQGRZ�LPDJH�DFFRUGLQJ�WR�WKH
VSHFLILFDWLRQV�LQ�WKH�3ULQW�6HWXS�DQG�3ULQW
2SWLRQV��$�SULQW�GLDORJ�ER[�RSHQV�IRU�\RX�WR
FOLFN�WKH�2.�EXWWRQ�

3ULQW�6HWXS 2SHQ�WKH�VWDQGDUG�:LQGRZV�3ULQW�6HWXS�GLDORJ
ER[�
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3ULQW�2SWLRQV
6WUHWFK�WR�3DJH 6WUHWFK�WKH�ZLQGRZ�LPDJH�WR�FRYHU�WKH�HQWLUH

SDJH�SULQW�DUHD��7KLV�GRHV�QRW�PDLQWDLQ�WKH
DVSHFW�UDWLR�RI�WKH�JUDSKLFV�ZLQGRZ�

([SDQG�WR�3DJH ([SDQG�WKH�ZLQGRZ�LPDJH�WR�ILW�LQWR�WKH�SULQW
DUHD�RI�WKH�SDJH�ZKLOH�PDLQWDLQLQJ�WKH�DVSHFW
UDWLR�RI�WKH�JUDSKLFV�ZLQGRZ�

6HOHFW�&RORU
����&RORU 6HOHFW�WR�PDNH�IXOO�FRORU�SULQWRXWV�RQ�D�SULQWHU�
����6LPXODWH�&RORU 6HOHFW�WR�PDNH�EODFN�DQG�ZKLWH�SULQWRXWV��7KH

YDULRXV�FRORUV�DUH�UHSUHVHQWHG�E\�GLIIHUHQW�OLQH
W\SHV�

����%	: 6HOHFW�WR�PDNH�EODFN�DQG�ZKLWH�SULQWRXWV��$OO
QRQ�EODFN�FRPSRQHQWV�LQ�WKH�VRXUFH�JUDSKLFV
ZLQGRZ�ZLOO�EH�VROLG�EODFN�LQ�WKH�ILQDO�SULQWHG
LPDJH��7KH�EODFN�EDFNJURXQG�ZLOO�EH�ZKLWH�LQ�WKH
SULQWHG�LPDJH�

/DQGVFDSH�
3RUWUDLW 6ZLWFK�EHWZHHQ�RULHQWDWLRQ�ODQGVFDSH�DQG

RULHQWDWLRQ�SRUWUDLW��7KLV�LV�LGHQWLFDO�WR��DQG�D
VKRUWFXW�WR��WKH�VWDQGDUG�2ULHQWDWLRQ�LWHP�LQ�WKH
3ULQW�6HWXS�GLDORJ�ER[�

&HQWHU�9HUWLFDO 6SHFLI\�ZKHWKHU�WKH�ILQDO�LPDJH�ZLOO�EH
WRS�MXVWLILHG�RU�FHQWHUHG�RQ�WKH�SULQWHG�SDJH�
7KLV�KDV�QR�HIIHFW�ZKHQ�6WUHWFK�WR�3DJH�LV
VHOHFWHG�

&HQWHU�+RUL]RQWDO 6SHFLI\�ZKHWKHU�WKH�ILQDO�LPDJH�ZLOO�EH
OHIW�MXVWLILHG�RU�FHQWHUHG�RQ�WKH�SULQWHG�SDJH�
7KLV�KDV�QR�HIIHFW�ZKHQ�6WUHWFK�WR�3DJH�LV
VHOHFWHG�

8.4  Getting the Most from the Graphics Windows
• 5H)UHVK�)UHH]H�)UDPH���8VLQJ�WKHVH�WZR�SURSHUWLHV�DOORZV�\RX�WR�RYHUODS
SORWV�DQG�WR�FRPSDUH�WKHP���7RJJOH�¶5H)UHVK·�RII�DQG�WRJJOH�¶)UHH]H�)UDPH·
RQ��7KLV�ZLOO�WHOO�WKH�JUDSKLFV�ZLQGRZ�WKDW�\RX�GR�QRW�ZDQW�LW�WR�UHIUHVK�LWV�SORW
DIWHU�WKH�QH[W�UXQV��DQG�WKDW�\RX�GR�QRW�ZDQW�LW�WR�FKDQJH�WKH�UDQJH�IRU�WKH�;
DQG�<�D[HV��7KH�QH[W�SORWV�ZLOO�EH�RQ�WRS�RI�DQ\�SORWV�WKDW�ZHUH�WKHUH�IURP



���������8VLQJ�%HDPOLQH�6LPXODWRU

��������� � �9� ��

SUHYLRXV�UXQV��)RU�H[DPSOH��\RX�FRXOG�SORW�D�SDUWLFOH�SORW�RQ�WRS�RI�DQ
HQYHORSH�SORW�

• $QLPDWLRQ���%RWK�LQWHQVLW\�DQG�FURVV�VHFWLRQDO�SORWV�KDYH�WKH�DELOLW\�WR
DQLPDWH�WKH�G\QDPLFV�RI�D�PXOWL�SDUWLFOH�W\SH�EHDP�IURP�EHJLQQLQJ�WR�HQG�
&OLFN�WKH�$QLPDWLRQ�FKHFN�ER[�DW�WKH�ERWWRP�RI�WKH�*UDSK�7\SH�SDJH�LQ�WKH
SURSHUWLHV�GLDORJ�ER[��7KH�QH[W�PXOWL�SDUWLFOH�SORWV�RI�FURVV�VHFWLRQDO�RU
LQWHQVLW\�W\SH�ZLOO�QR�ORQJHU�EH�DW�MXVW�RQH�=�FR�RUGLQDWH��7KH\�ZLOO�QRZ�VKRZ
D�SORW�DW�HDFK�=�FR�RUGLQDWH�DORQJ�WKH�HQWLUH�EHDPOLQH��7KLV�JLYHV�WKH�HIIHFW�RI
ORRNLQJ�DW�WKH�EHDP�DV�LW�FRPHV�WRZDUGV�\RX�

• *UDSK�7\SHV���7U\�PDQ\�GLIIHUHQW�W\SHV��<RX�PLJKW�VHH�VRPHWKLQJ�WKDW�\RX
ZRXOG�KDYH�RWKHUZLVH�PLVVHG�

• =RRP��$QRWKHU�ZD\�WR�]RRP�LQ�RQ�D�SORW�LV�WR�FOLFN�RQ�WKH�SORW�LQVLGH�WKH
ERUGHU�ZKHUH�\RX�ZDQW�WKH�WRS�OHIW�FRUQHU�RI�WKH�QHZ�SORW�WR�JR��7KHQ�FOLFN
ZKLOH�KROGLQJ�GRZQ�WKH�6+,)7�NH\�IRU�WKH�ORZHU�ULJKW�FRUQHU�RI�WKH�QHZ�SORW�
$�PHVVDJH�ER[�ZLOO�DSSHDU�DVNLQJ�ZKHWKHU�\RX�ZDQW�WR�UHVL]H�WKH�SORW�WR�WKH
QHZ�UDQJHV��,I�\RX�DQVZHU�<(6��WKHQ�WKH�SORW�ZLOO�EH�UH�VL]HG�IRU�WKH�VPDOOHU
SORW�
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�����9LHZLQJ�7H[W�5HDGRXWV

9.1  Collimator Window

:KHQ�\RX�UXQ�D�PXOWL�SDUWLFOH�EHDP��XVH�WKH�&ROOLPDWRU�:LQGRZ�WR�VKRZ�WKH
EHDP�VSLOOV�LQ�WKH�V\VWHP��7KH�&ROOLPDWRU�ZLQGRZ�VKRZV�WRWDO�SDUWLFOH�KLWV�WR�WKH
DSHUWXUHV�DV�D�SHUFHQW�RI�DOO�SDUWLFOHV�LQLWLDOO\�VWUHDPLQJ�WKURXJK�WKH�EHDPOLQH�

7R�DFFHVV�WKH�&ROOLPDWRU�:LQGRZ�FOLFN�:LQGRZ�DQG�VHOHFW�&ROOLPDWRU�:LQGRZ

RU��FOLFN�� ��&ROOLPDWRU�:LQGRZ�6KRZ�+LGH�WRJJOH��%DVH�$SSOLFDWLRQ
:LQGRZ��

Collimator Text Readout — In Real Time

)LJXUH�������&ROOLPDWRU�7H[W�5HDGRXW�³�,Q�5HDO�7LPH

:LWKLQ�WKLV�SURJUDP��DOO�V\VWHP�DSHUWXUHV�UHFRUG�EHDP�VSLOO��,Q�SUDFWLFH��EHDP
SLSHV�DQG�YDFXXP�ER[HV�GR�QRW�SURYLGH�EHDP�VSLOO�UHDGEDFNV��ZKHUHDV
FROOLPDWRUV�GR�



���������8VLQJ�%HDPOLQH�6LPXODWRU

��������� � �9� ��

6R�WKDW�\RX�FDQ�FKRRVH�WR�VHW�XS�D�VLPXODWLRQ�H[DFWO\�OLNH�\RXU�V\VWHP��ZH
GLIIHUHQWLDWH�WZR�W\SHV�³�WKRVH�WKDW�UHFRUG�KLWV��UHDGEDFN��DQG�WKRVH�WKDW�GRQ·W
�QRQ�UHDGEDFN��

1RWH���\RX�FDQ�VWLOO�ORRN�DW�VSLOOV�RQ�DSHUWXUHV�OLNH�EHDP�SLSHV�WKDW�LQ�UHDOLW\�GR
QRW�SURYLGH�VSLOO�UHDGEDFNV��7KLV�LV�D�KDQG\�IHDWXUH�

Collimator Text Readout — Pop-Up Options

)LJXUH�������&ROOLPDWRU�7H[W�5HDGRXW�³�3RS�8S�2SWLRQV

6HOHFW� 7R�
6KRZ�1RQ�5HDGEDFN VKRZ�QRW�VKRZ�WKH�EHDP�VSLOO�IRU�WKH

QRQ�UHDGEDFN�W\SH�DSHUWXUHV�
6KRZ�&ROOLPDWRUV VKRZ�QRW�VKRZ�WKH�EHDP�VSLOO�IRU�DOO

UHDGEDFN�W\SH�DSHUWXUHV�
3ULQW«�RU�&WUO�3 SULQW�WKH�&ROOLPDWRU�7H[W�5HDGRXW�:LQGRZ�
&RS\����RU�&WUO�& FRS\�WKH�&ROOLPDWRU�7H[W�5HDGRXW�:LQGRZ�WR

WKH�FOLSERDUG�
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9.2  Beam Transport System (BTS) Text Window

7R�DFFHVV�WKH�%76�7H[W�:LQGRZ�FOLFN�:LQGRZ�DQG�VHOHFW�%76�7H[W�:LQGRZ�RU�

FOLFN�� ��%76�7H[W�:LQGRZ�6KRZ�+LGH�WRJJOH��%DVH�$SSOLFDWLRQ�:LQGRZ��
%\�VHOHFWLQJ�RQH�RI�WKH�IRXU�WDEV�DW�WKH�ERWWRP�RI�WKH�¶%HDP�7UDQVSRUW�6\VWHP·
ZLQGRZ��\RX�FDQ�DFFHVV�WKH�%HDPOLQH�(OHPHQWV�SDJH��WKH�%HDP�0DWULFHV�SDJH��WKH
&XPXODWLYH�7UDQVSRUW�0DWULFHV�SDJH��RU�WKH�6\VWHP�:DLVWV�SDJH�

(DFK�SDJH�KDV�LWV�RZQ�SRS�XS�PHQX��7R�DFWLYDWH�WKH�SRS�XS�PHQX�SODFH�WKH
FXUVRU�RYHU�WKH�WH[W�DUHD�RQ�WKH�SDJH�DQG�ULJKW�FOLFN�WKH�PRXVH��&RPPRQ
SULQWLQJ�IHDWXUHV�IRU�DOO�SDJHV�DUH�WKH�¶3ULQW«·�DQG�¶3ULQWHU�6HWXS«·�PHQX
LWHPV�

1RWH��7R�YLHZ�KLGGHQ�SDUWV�RI�WKH�ZLQGRZ��XVH�WKH�VFUROO�EDUV�WR�PRYH�WKH�WH[W�WR
WKH�ULJKW�RU�OHIW��XS�RU�GRZQ�

Beamline Element Properties

)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�%HDPOLQH�(OHPHQW�3URSHUWLHV
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7KH�%HDPOLQH�(OHPHQWV�SDJH�VKRZV�D�VHTXHQWLDO�OLVWLQJ�RI�DOO�EHDPOLQH�HOHPHQWV
ZLWK�WKHLU�SURSHUWLHV��7KH�EHDPOLQH�HOHPHQWV�DUH�OLVWHG�LQ�WKH�VDPH�RUGHU�DV�WKHLU
LFRQV�DSSHDU�LQ�WKH�6%,�:LQGRZ�

$�QXPEHU�RI�RWKHU�RSWLRQV�DUH�DYDLODEOH�WKURXJK�WKH�SRS�XS�PHQX��7R�DFFHVV
WKHVH�RSWLRQV��ULJKW�FOLFN�WKH�PRXVH�ZKLOH�RQ�WKH�%HDPOLQH�(OHPHQWV�SDJH�
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Beam Transport System — Pop-Up Options

)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�3RS�8S�2SWLRQV

6HOHFW� 7R�
3ULQW���� YLHZ�WKH�SULQW�RSWLRQV�
3ULQW�6HWXS�� FKRRVH�WKH�SULQWHU�
4XDGUXSROHV VKRZ�QRW�VKRZ�WKH�TXDGUXSROHV�
'LSROHV VKRZ�QRW�VKRZ�WKH�GLSROHV�
6ROHQRLGV VKRZ�QRW�VKRZ�WKH�VROHQRLGV�
7KLQ�/HQVHV VKRZ�QRW�VKRZ�WKH�WKLQ�OHQVHV�
'ULIW�/HQJWKV VKRZ�QRW�VKRZ�WKH�GULIW�OHQJWKV�
5RWDWLRQ VKRZ�QRW�VKRZ�WKH�URWDWLRQ�HOHPHQWV�
3HUWXUEDWLRQV VKRZ�QRW�VKRZ�WKH�SHUWXUEDWLRQ�HOHPHQWV�
1RQ�6WDQGDUG VKRZ�QRW�VKRZ�WKH�QRQ�VWDQGDUG�HOHPHQWV�
%HDP�&RQVWUDLQWV VKRZ�QRW�VKRZ�WKH�FRQVWUDLQW�HOHPHQW�
,QLWLDO�%HDP�6HWWLQJV VKRZ�QRW�VKRZ�WKH�EHDP�VRXUFH�HOHPHQW�
6\PSOHFWLF�&RQGLWLRQV WHVW�WKH�YDOLGLW\�RI�WKH�V\VWHP��WR�EH�LPSOHPHQWHG��
7UDQVSRUW�0DWULFHV VKRZ�QRW�VKRZ�WKH�PDWUL[�DVVRFLDWHG�ZLWK�HDFK�HOHPHQW�
3DUDPHWHUV VKRZ�QRW�VKRZ�WKH�SDUDPHWHUV�DVVRFLDWHG�ZLWK�HDFK

HOHPHQW�
$SHUWXUHV VKRZ�QRW�VKRZ�WKH�DSHUWXUHV�
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Beam Matrices

)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�%HDP�0DWULFHV

7KH�%HDP�0DWULFHV�SDJH�VKRZV�WKH�EHDP�PDWUL[�DW�HDFK�VOLFH�DORQJ�WKH�EHDPOLQH�
1RWLFH�WKDW�WKH�=�FR�RUGLQDWH�IRU�HDFK�PDWUL[�LV�VKRZQ�MXVW�DERYH�LW�

:$51,1*��7R�HQVXUH�WKDW�DOO�PDWULFHV�DUH�SULQWHG��\RX�PXVW�OLPLW�WKH�QXPEHU
RI�VOLFHV�WKURXJK�WKH�EHDPOLQH��,I�WKHUH�DUH�WRR�PDQ\�VOLFHV�LQ�WKH�V\VWHP��WKHQ�D
KXJH�ILOH�RI�PDWULFHV�ZLOO�EH�FUHDWHG�DQG�WKH\�PD\�WLH�XS�\RXU�KDUG�GULYH��,W�LV
RIWHQ�EHVW�WR�GRXEOH�FOLFN�RQ�HDFK�LFRQ�LQ�WKH�6%,�:LQGRZ�DQG�WR�FKDQJH�WKH
QXPEHU�RI�VOLFHV�WR���SHU�LFRQ��,Q�WKLV�ZD\�RQO\�RQH�PDWUL[�LV�JHQHUDWHG�SHU�LFRQ
ZKHQ�WKH�EHDPOLQH�LV�UH�UXQ��7KLV�RIWHQ�\LHOGV�VXIILFLHQW�GHWDLO�IRU�DQDO\VLV�
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Cumulative Transport  Matrices

)LJXUH�������%HDP�7UDQVSRUW�6\VWHP�³�&XPXODWLYH�7UDQVSRUW�0DWULFHV

7KH�&XPXODWLYH�7UDQVSRUW�0DWULFHV�SDJH�VKRZV�WKH�FXPXODWLYH�WUDQVSRUW�PDWUL[
DW�HDFK�VOLFH�DORQJ�WKH�EHDPOLQH���1RWLFH�WKDW�WKH�=�FR�RUGLQDWH�IRU�HDFK�PDWUL[�LV
VKRZQ�MXVW�DERYH�LW�

$JDLQ��WKLV�ZLQGRZ�FDQQRW�KROG�DQ�XQOLPLWHG�DPRXQW�RI�LQIRUPDWLRQ��7R�HQVXUH
WKDW�DOO�PDWULFHV�DUH�SULQWHG�\RX�PXVW�OLPLW�WKH�QXPEHU�RI�VOLFHV�LQ�HDFK�HOHPHQW
DORQJ�WKH�EHDPOLQH�
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System Waists

)LJXUH��������%HDP�7UDQVSRUW�6\VWHP�³�6\VWHP�:DLVWV

7KH�V\VWHP�ZDLVWV�SDJH�OLVWV�DOO�EHDP�ZDLVWV�IRXQG�DORQJ�WKH�EHDPOLQH��$�EHDP
ZDLVW�RFFXUV�ZKHQHYHU�WKH�[[
�RU�\\
�EHDP�HOOLSVH�LV�XSULJKW��QRW�WLOWHG���7KH
QDUURZHVW�SRUWLRQ�RI�DQ�[�YV�]�RU�\�YV�]�ORQJLWXGLQDO�EHDP�HQYHORSH�LV�DOZD\V�DW�D
EHDP�ZDLVW��)URP�D�FRPSXWDWLRQDO�SRLQW�RI�YLHZ�D�KRUL]RQWDO�D[LV�EHDP�ZDLVW
RFFXUV�ZKHQ�WKH�EHDP�VLJPD�PDWUL[�HOHPHQWV�σ��� �σ��� �����$�YHUWLFDO�D[LV�EHDP
ZDLVW�RFFXUV�ZKHQ�σ��� �σ��� �����6LQFH�LW�LV�XQOLNHO\�WKDW�WKHVH�RII�GLDJRQDO
HOHPHQWV�ZLOO�EH�H[DFWO\�]HUR��\RX�DUH�DVNHG�WR�HQWHU�D�YDOXH�IRU�HSVLORQ��,I�WKH
DEVROXWH�YDOXH�RI�σ��� �σ����RU��σ��� �σ���LV�OHVV�WKDQ�HSVLORQ�WKHQ�D�ZDLVW�KDV�EHHQ
IRXQG�
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������&RPPDQG�	�7RRO�5HIHUHQFH

10.1  Document Definitions

7KLV�VHFWLRQ�LQFOXGHV�VRPH�RI�WKH�JHQHUDOO\�DFFHSWHG�WHUPLQRORJ\�IRU�D�JUDSKLFDO
XVHU�LQWHUIDFH��*8,���7KH�ILUVW�SDUW�FRYHUV�VRPH�RI�WKH�DFWLRQ�WHUPLQRORJ\�OLNH
ZKDW�WR�GR�ZLWK�WKH�PRXVH�WR�GUDJ�DQG�GURS�DQ�REMHFW��DQG�WKH�VHFRQG�SDUW�GHDOV
SULPDULO\�ZLWK�GHVFULSWLRQV�RI�DFWXDO�*8,�REMHFWV�

Cursor Actions

&OLFN 0HDQV�WR�SUHVV�DQG�UHOHDVH�WKH�OHIW�PRXVH�EXWWRQ��<RX
VKRXOG�KHDU���FOLFN�

'RXEOH�&OLFN 0HDQV�WR�SUHVV�DQG�UHOHDVH�WKH�OHIW�PRXVH�EXWWRQ�WZR
WLPHV�LQ�TXLFN�VXFFHVVLRQ��7KH�VHFRQG�DFWLRQ�PXVW
KDSSHQ�ZLWKLQ�RQH�KDOI�D�VHFRQG�RI�WKH�ILUVW��<RX
VKRXOG�KHDU���FOLFNV�

5LJKW�&OLFN 0HDQV�WR�SUHVV�DQG�UHOHDVH�WKH�ULJKW�PRXVH�EXWWRQ�
<RX�VKRXOG�KHDU���FOLFN�

6HOHFW 0HDQV�WR�SUHVV�DQG�UHOHDVH�WKH�OHIW�PRXVH��MXVW�OLNH
FOLFN��EXW�LQ�WKLV�FDVH�\RX�ZLOO�EH�FKRRVLQJ�RQH�LWHP
IURP�D�PHQX�OLVW�

'UDJ�DQG�'URS ,V�XVHG�WR�PRYH�DQ�REMHFW�IURP�RQH�ORFDWLRQ�WR
DQRWKHU��&OLFN�WKH�REMHFW�DQG�KROG�WKH�PRXVH�EXWWRQ
GRZQ��7KHQ�PRYH�WKH�REMHFW�E\�PRYLQJ�WKH�PRXVH�
7R�GURS�WKH�REMHFW��UHOHDVH�WKH�PRXVH�EXWWRQ��<RX
VKRXOG�VHH�DQ�DFWLRQ�ZKHQ�\RX�GURS�WKH�REMHFW��,I�QR
DFWLRQ�LV�YLVLEOH�WKHQ�WU\�DJDLQ��$OO�RI�RXU�REMHFWV�VKRZ
WKDW�WKH\�DUH�UHDG\�WR�UHFHLYH�DQRWKHU�REMHFW�E\
KLJKOLJKWLQJ�WKHPVHOYHV��)RU�H[DPSOH��WKH�JDUEDJH�FDQ
ZLOO�OLJKW�XS�ZLWK�D�YLROHW�IUDPH�ZKHQ�LW�LV�UHDG\�WR
GHOHWH�D�EHDPOLQH�LFRQ��,I�GRQH�FRUUHFWO\��WKH�JDUEDJH
FDQ�ZLOO�JR�WKURXJK�DQ�DQLPDWLRQ�VHTXHQFH�WR�VKRZ
WKDW�LW�GLG�UHFHLYH�WKH�HOHPHQW��DQG�GHOHWHG�LW�FRUUHFWO\�
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Software Terminology

$SSOLFDWLRQ
$Q�$SSOLFDWLRQ�LV�DQ�DEVWUDFW�REMHFW�WKDW�PDQDJHV�DOO
WKH�ILOHV��GRFXPHQWV��ZLQGRZV��DQG�XVHU�FRPPDQGV�

%XWWRQ $�%XWWRQ�H[HFXWHV�DQ�DFWLRQ�LQ�RQH�VWHS��$V�LQ�WKH�UHDO
ZRUOG��ZKHQ�\RX�SUHVV�WKH�&RNH�EXWWRQ�RQ�D�SRS
PDFKLQH�\RX�JHW�D�&RNH�

'LDORJ�%R[
$�'LDORJ�%R[�PDLQWDLQV�D�GLDORJ�EHWZHHQ�WKH�XVHU�DQG
WKH�REMHFW�WKH�XVHU�LV�PRGLI\LQJ��7KH�GLDORJ�ER[
HQDEOHV�WKH�WZR�WR�H[FKDQJH�GDWD��$Q�H[DPSOH�LV�WKH
GLDORJ�\RX�PLJKW�KDYH�ZLWK�D�4XDGUXSROH�HOHPHQW�
WKURXJK�LWV�IRUP�ILOO�LQ�GLDORJ�ER[�

'URS�'RZQ�&RPER�%R[ 7KH�'URS�'RZQ�&RPER�%R[�RQO\�DOORZV�FHUWDLQ
LWHPV�WR�EH�HQWHUHG�LQWR�LWV�HGLW�ER[��7KHVH�VSHFLILF
LWHPV�DUH�FRQWDLQHG�LQ�D�GURS�GRZQ�PHQX�WKDW�LV
GLVSOD\HG�ZKHQ�WKH�XVHU�FOLFNV�WKH�GRZQ�DUURZ�ZLWK
WKH�PRXVH�SRLQWHU��6HOHFW�RQH�RI�WKH�LWHPV�IRU�WKH�HGLW
ER[�

)LHOGV )LHOGV�DUH�HGLW�ER[HV�WKDW�FDQ�EH�PRGLILHG�E\�ERWK�WKH
XVHU�DQG�WKH�DSSOLFDWLRQ��8VXDOO\�WKHUH�DUH�GHIDXOW
YDOXHV�HQWHUHG�LQ�WKHVH�ER[HV�WR�KHOS�WKH�XVHU�

)O\�2YHU�+HOS

)O\�2YHU�+HOS�KLQWV�DSSHDU�ZKHQ�WKH�PRXVH�SRLQWHU�LV
RYHU�D�EXWWRQ��DQ�LFRQ�RU�RWKHU�IHDWXUH��7KH�KLQW�ZLOO
XVXDOO\�H[SODLQ�DQ�DFWLRQ�RU�VKRZ�D�QDPH��&KHFN�WKH
JDUEDJH�FDQ�LQ�WKH�6%,�:LQGRZ��7KH�IO\�RYHU�KHOS
UHDGV��¶*DUEDJH�%HDPOLQH�(OHPHQWV·�

Garbage Beamline
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*ULG $�JULG�FRQWDLQV�GLIIHUHQW�NLQGV�RI�LQIRUPDWLRQ�LQ�HDFK
FHOO�GHSHQGLQJ�RQ�WKH�PHDQLQJ�RI�WKH�URZ�DQG
FROXPQ��7LWOH�EDUV��LI�XVHG��DUH�WKH�VWDWLF�EDUV�DW�WKH
WRS�DQG�OHIW�RI�WKH�JULG��,Q�RXU�JULG�H[DPSOH��WKH�YHU\
WRS�OHIW�FHOO�LV�WKH�FXUUHQW�FHOO�DQG�WKH�WRS�URZ�LV
VHOHFWHG��7R�VHOHFW�D�URZ��FOLFN�DQ\�FHOO�LQ�WKH�URZ�WR
PDNH�LW�WKH�FXUUHQW�FHOO��,PSRUWDQW��:LWKLQ�RXU�JULGV�
FROXPQV�FDQ�QHYHU�EH�VHOHFWHG�

+RWNH\V���0HQX�,WHP 7KHVH�NH\V�DOORZ�TXLFN�DFFHVV�WR�SRS�XS�RU�PDLQ
PHQX�IXQFWLRQDOLW\�VXFK�DV�$/7�)�WR�JHW�WR�WKH�ILOH
PHQX�LQ�WKH�%DVH�$SSOLFDWLRQ�:LQGRZ�

+RWNH\V�²�5HDO�7LPH 7KHVH�NH\ERDUG�NH\V�DUH�FRQVWDQWO\�VFDQQHG�E\�WKH
6%,�:LQGRZ�DSSOLFDWLRQ��:KHQ�RQH�RI�WKH�KRWNH\V�LV
SUHVVHG�WKHQ�WKH�YDOXH�RI�RQH�EHDPOLQH�HOHPHQW
SDUDPHWHU�LV�YDULHG��7KH�UXQ�DOJRULWKP�VLPXODWHV�WKH
FKDQJHV�PDGH�WR�WKH�EHDP�DV�WKH�SDUDPHWHU�YDOXH�LV
FKDQJHG�

,FRQ $Q�LFRQ�LV�D�SLFWXUH�WKDW�ORRNV�OLNH�WKH�REMHFW�LW
UHSUHVHQWV��$Q�LFRQ�LV�XVHG�WR�JUDSKLFDOO\�VKRZ�ZKHUH
DQ�REMHFW�LV�ORFDWHG�RQ�WKH�VFUHHQ�

0HQX�%DU $�PHQX�EDU�KROGV�D�VHULHV�RI�PHQXV��7R�YLHZ�RQH�RI
WKH�PHQXV��IRU�H[DPSOH�WKH�ILOH�PHQX���FOLFN�RQ�WKH
ZRUG�)LOH��DQG�GRZQ�GURSV�D�OLVW�RI�PHQX�LWHPV�WR
FKRRVH�IURP�

5DGLR�%XWWRQ $�UDGLR�EXWWRQ�LV�HLWKHU�PDUNHG�RU�XQPDUNHG��6RPH
JURXSV�RI�UDGLR�EXWWRQV�DUH�SURJUDPPHG�VR�WKDW�RQO\
RQH�UDGLR�EXWWRQ�LQ�WKH�JURXS�FDQ�EH�PDUNHG�DW�D�WLPH�

6FUROO�%DU $�VFUROO�EDU�LV�XVHG�WR�VFUROO�WKH�SLFWXUH�LQ�D�ZLQGRZ
VR�WKDW�WKH�SDUW�RI�WKH�SLFWXUH�\RX�ZLVK�WR�VHH�FRPHV
LQWR�YLHZ��7KHUH�DUH�WKUHH�ZD\V�WR�XVH�D�VFUROO�EDU��RQH
ZD\�LV�WR�FOLFN�RQ�WKH�DUURZ�EXWWRQV�WR�VFUROO�LQ�WKH
GLUHFWLRQ�RI�WKH�DUURZ���D�VHFRQG�ZD\�LV�WR�GUDJ�WKH
PLGGOH�EDU�LQ�WKH�GLUHFWLRQ�WKDW�\RX�ZDQW�WR�VFUROO��DQG
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D�WKLUG�ZD\�LV�WR�FOLFN�RQ�WKH�SDUW�RI�WKH�VFUROO�EDU
FRQWDLQHU�WKDW�GRHV�QRW�FRQWDLQ�WKH�VFUROO�EDU��,W�ZLOO
VFUROO�WKH�ZLQGRZ�LQ�WKDW�GLUHFWLRQ�ZLWK�D�ELJ�VWHS�VL]H�

:LQGRZ
$�ZLQGRZ�LV�DQ�REMHFW�WKDW�HQFRPSDVVHV�D�YLHZ�RI�WKH
XQGHUO\LQJ�SLFWXUH�VXFK�DV�WKH�5HVRXUFH�:LQGRZ�

10.2  General Window Functionality

)LJXUH��������&RQWURO�0HQX

Control Menu

7R�DFFHVV�WKH�FRQWURO�PHQX��FOLFN�WKH�LFRQ�LQ�WKH�WRS�OHIW�KDQG�FRUQHU��%DVH
$SSOLFDWLRQ�:LQGRZ��7KLV�EULQJV�XS�WKH�SRS�XS�PHQX�

5HVWRUH 5HVWRUHV�WKH�ZLQGRZ�WR�WKH�VL]H�LW�ZDV�EHIRUH�\RX
PLQLPL]HG�LW�

0RYH $OORZV�\RX�WR�PRYH�WKH�ZLQGRZ�ZLWK�WKH�PRXVH�

6L]H $OORZV�\RX�WR�UH�VL]H�WKH�ZLQGRZ�ZLWK�WKH�PRXVH�

Control Menu
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0LQLPL]H 0LQLPL]HV�WKH�ZLQGRZ�WR�DQ�LFRQ�

0D[LPL]H 0D[LPL]HV�WKH�ZLQGRZ�WR�XVH�WKH�IXOO�VFUHHQ�

&ORVH���$OW���)� &ORVHV�WKH�ZLQGRZ�

Common Window and Dialog Box Attributes

&DQFHO�%XWWRQ 7KLV�EXWWRQ�LV�XVHG�WR�FDQFHO�DQ\�FKDQJHV�PDGH�WR�WKH
ZLQGRZ�³�ZLWKRXW�VDYLQJ�WKHP�

&ORVH�:LQGRZ�%XWWRQ 7KLV�EXWWRQ�LV�XVHG�WR�FORVH�WKH�ZLQGRZ��,I�\RX�FOLFN
WKLV�EXWWRQ�LQ�WKH�%DVH�$SSOLFDWLRQ�:LQGRZ��WKH�HQWLUH
DSSOLFDWLRQ�ZLOO�WHUPLQDWH�

+HOS�%XWWRQ 7KLV�EXWWRQ�GLVSOD\V�WKH�KHOS�LQIRUPDWLRQ�DVVRFLDWHG
ZLWK�WKH�ZLQGRZ�

0D[LPL]H�%XWWRQ 7KLV�EXWWRQ�LV�ORFDWHG�DW�WKH�WRS�ULJKW�FRUQHU�RI�WKH
ZLQGRZ�DQG�LV�XVHG�WR�PD[LPL]H�WKH�ZLQGRZ�

0LQLPL]H�%XWWRQ 7KLV�EXWWRQ�LV�ORFDWHG�DW�WKH�WRS�ULJKW�FRUQHU�RI�WKH
ZLQGRZ�DQG�LV�XVHG�WR�PLQLPL]H�WKH�ZLQGRZ�

2.�%XWWRQ 7KLV�EXWWRQ�LV�XVHG�WR�DFFHSW�DQG�VDYH�WKH�FKDQJHV�WR
WKH�ZLQGRZ�

:LQGRZ�7LWOH�%DU 7KLV�LV�WKH�WRS�EDU�LQ�WKH�ZLQGRZ�DQG�GLVSOD\V�WKH�WLWOH
RI�WKH�ZLQGRZ��,W�LV�DOVR�XVHG�WR�PRYH�WKH�ZLQGRZ
ZLWK�WKH�PRXVH�
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10.3  Base Application Window

)LJXUH��������%DVH�$SSOLFDWLRQ�:LQGRZ

7KH�PHQX�EDU�FRQWDLQV�PRVW�RI�WKH�JHQHUDO�IXQFWLRQDOLW\�IRU�WKH�DSSOLFDWLRQ�
6SHFLILF�SRS�XS�PHQXV�DQG�PHQX�LWHPV�DUH�GLVFXVVHG�EHORZ�

File Menu

)LJXUH��������)LOH�0HQX

1HZ��&WUO���1 &UHDWHV�D�QHZ�EHDP�WUDQVSRUW�V\VWHP�GRFXPHQW��,I�WKH
FXUUHQW�EHDPOLQH�ILOH�KDV�QRW�EHHQ�VDYHG�VLQFH�D
PRGLILFDWLRQ��WKHQ�D�6DYH�&RQILUPDWLRQ�GLDORJ�ER[�ZLOO
DSSHDU�WR�DVN�ZKHWKHU�WKH�FXUUHQW�ILOH�VKRXOG�EH�VDYHG
RU�QRW�

2SHQ���&WUO���2 2SHQV�DQ�H[LVWLQJ�GRFXPHQW�IURP�DQ\�GULYH��7KLV�LV
GRQH�WKURXJK�D�GLDORJ�ER[��,I�WKH�FXUUHQW�EHDPOLQH�ILOH
KDV�QRW�EHHQ�VDYHG�VLQFH�D�PRGLILFDWLRQ��WKHQ�D�6DYH
&RQILUPDWLRQ�GLDORJ�ER[�ZLOO�DSSHDU�WR�DVN�ZKHWKHU
WKH�FXUUHQW�ILOH�VKRXOG�EH�VDYHG�RU�QRW�

6DYH���&WUO���6 6DYHV�WKH�FXUUHQW�DFWLYH�ZLQGRZ�GDWD�

6DYH�$V�« 6DYHV�WKH�FXUUHQW�GRFXPHQW�ZLWK�D�XVHU�VSHFLILHG
ILOHQDPH��7KLV�LV�GRQH�WKURXJK�D�GLDORJ�ER[�

([LW ([LWV�WKH�DSSOLFDWLRQ��,I�WKH�FXUUHQW�EHDPOLQH�ILOH�KDV
QRW�EHHQ�VDYHG�VLQFH�D�PRGLILFDWLRQ��WKHQ�D�6DYH
&RQILUPDWLRQ�GLDORJ�ER[�ZLOO�DSSHDU�WR�DVN�ZKHWKHU
WKH�FXUUHQW�ILOH�VKRXOG�EH�VDYHG�RU�QRW�
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3ULQW�«��&WUO���3��3ULQW�3UHYLHZ�DQG�3ULQW�6HWXS�KDYH�\HW�WR�EH�LPSOHPHQWHG
XQGHU�WKH�)LOH�PHQX��'RQ·W�ZRUU\��<RX�FDQ�SULQW�IURP�PDQ\�RI�RXU�VFUHHQV��6HH
&KDSWHU�����*UDSKLFV�3RS�8S�0HQX�IRU�SULQWLQJ�WKH�JUDSKLFV�ZLQGRZ�SORWV��DQG
&KDSWHU�����DQG�&KDSWHU�����IRU�SULQWLQJ�WKH�&ROOLPDWRU�7H[W�5HDGRXW�DQG�WKH
%HDP�7UDQVSRUW�6\VWHP�7H[W�:LQGRZV�UHVSHFWLYHO\�

Edit Menu

)LJXUH��������(GLW�0HQX

&XW�����&WUO���; &XWV�D�EHDPOLQH�HOHPHQW�IURP�WKH�6%,�:LQGRZ�WR�WKH
&OLSERDUG��7R�EH�LPSOHPHQWHG�

&RS\���&WUO���& &RSLHV�D�EHDPOLQH�HOHPHQW�IURP�WKH�6%,�:LQGRZ�WR
WKH�&OLSERDUG��7R�EH�LPSOHPHQWHG�

3DVWH��&WUO���9 3DVWHV�D�EHDPOLQH�HOHPHQW�IURP�WKH�&OLSERDUG�WR�WKH
6%,�:LQGRZ��7R�EH�LPSOHPHQWHG�

:KLOH�QRW�IXQFWLRQDO�LQ�WKH�EDVH�ZLQGRZ��WKHVH�HGLW�DFWLRQV�FDQ�EH�DFFRPSOLVKHG
IURP�ZLWKLQ�VSHFLILF�ZLQGRZV�
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Window Menu

)LJXUH��������:LQGRZ�0HQX

1HZ�*UDSKLFV�:LQGRZ�« &UHDWHV�D�QHZ�W\SH�RI�JUDSKLFV�ZLQGRZ��7R�EH
LPSOHPHQWHG�

%76�7H[W�:LQGRZ :LOO�VKRZ�KLGH�WKH�%HDP�7UDQVSRUW�6\VWHP�7H[W
:LQGRZ��)RU�PRUH�LQIRUPDWLRQ�VHH�&KDSWHU���

&ROOLPDWRU�7H[W�:LQGRZ :LOO�VKRZ�KLGH�WKH�&ROOLPDWRU�:LQGRZ��)RU�PRUH
LQIRUPDWLRQ�VHH�&KDSWHU���

9DU\�3DUDPHWHU�:LQGRZ :LOO�VKRZ�KLGH�WKH�9DU\�3DUDPHWHU�:LQGRZ��)RU
PRUH�LQIRUPDWLRQ�VHH�&KDSWHU������9DU\�3DUDPHWHU
:LQGRZ�

5HVRXUFH�:LQGRZ :LOO�VKRZ�KLGH�WKH�5HVRXUFH�:LQGRZ��)RU�PRUH
LQIRUPDWLRQ�VHH�$SSHQGL[�%�

0DWUL[�:LQGRZ :LOO�VKRZ�KLGH�WKH�0DWUL[�:LQGRZ��6HH
$SSHQGL[�%�

7KH�$FWLYH�:LQGRZ�2SWLRQV�³�1HZ�$UUDQJHPHQW���2SHQ�$UUDQJHPHQW��DQG
6DYH�$V�$UUDQJHPHQW�PD\�EH�LPSOHPHQWHG�LQ�WKH�IXWXUH�
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Run Options Menu

7KH�5XQ�2SWLRQV�0HQX�FKDQJHV�WKH�EHKDYLRU�RI�WKH�UXQ�DOJRULWKP�GHSHQGLQJ�RQ
ZKDW�LV�VHOHFWHG�

)LJXUH��������5XQ�2SWLRQV�0HQX

3DUWLFOH�&RORU
3URYLGHV�D�WKLUG�GLPHQVLRQ�LQ�WKH�JUDSKLFV�SORWV�E\
XVLQJ�SDUWLFOH�FRORU��7KLV�RSWLRQ�LV�IRU�PXOWL�SDUWLFOH
UXQV�RQO\��&OLFN�3DUWLFOH�&RORU�WR�EULQJ�XS�WKH�3DUWLFOH
&RORU�9DULDWLRQ�GLDORJ�ER[��&KRRVH�DQ\�RI�WKH�ILYH
D[HV�DV�WKH�YDU\LQJ�SDUDPHWHU��7KH�SDUDPHWHU�LV�WKHQ
GLYLGHG�LQWR�HLJKW�UDQJHV�ZLWK�D�FRORU�DVVLJQHG�WR�HDFK
UDQJH��7KH�FRORU�VTXDUH�QH[W�WR�WKH�0D[LPXP�ODEHO�ZLOO
EH�DVVLJQHG�WR�D�SDUWLFOH�WKDW�KDV�D�YDOXH�ZLWKLQ�WKH�WRS
HLJKWK�UDQJH�RI�WKH�FRORU�YDU\�SDUDPHWHU��7R�FKDQJH
RQH�RI�WKH�FRORUV�LQ�WKH�VTXDUHV��FOLFN�RQ�WKH�VTXDUH��$
FRORU�VHOHFWLRQ�GLDORJ�ER[�DSSHDUV�DQG�\RX�PD\�FOLFN
RQ�WKH�FRORU�\RX�SUHIHU�WR�XVH��7KHQ�FOLFN�WKH�2.
EXWWRQ�

'HWHFW�6\VWHP�:DLVWV 7RJJOHV�WKH�6\VWHP�:DLVWV�IXQFWLRQ�RQ�DQG�RII��,I�WKLV
IXQFWLRQ�LV�QRW�QHHGHG�WKHQ�OHDYH�LW�RII��7KH�SURJUDP
ZLOO�UXQ�VOLJKWO\�IDVWHU�

6ROYH�IRU�&RQVWUDLQWV 7RJJOHV�WKH�FRQVWUDLQW�DOJRULWKP�RQ�RU�RII��:KHQ�RQ�
WKH�DOJRULWKP�ZLOO�WU\�WR�VROYH�IRU�XVHU�VSHFLILHG
FRQWUDLQWV�LQ�WKH�QH[W�UXQ�
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&XPXODWLYH�7UDQVSRUW
����0DWULFHV

7RJJOHV�WKH�&XPXODWLYH�7UDQVSRUW�0DWULFHV�RQ�RU�RII�
:KHQ�RII��WKH�6\VWHP�0HWULFV�HOHPHQW�GLVSOD\V�RQO\
WKH�LGHQWLW\�PDWUL[�IRU�WKH�&XPXODWLYH�7UDQVSRUW
0DWUL[�DQG�WKH�%76�7H[W�ZLQGRZ�GLVSOD\V�QR�PDWULFHV
RQ�WKH�&XPXODWLYH�7UDQVSRUW�0DWUL[�SDJH��7KLV�RSWLRQ
ZDV�LPSOHPHQWHG�EHFDXVH�VRPH�RI�WKH�ROGHU
FRPSXWHUV�VKRZHG�D�QRWLFHDEOH�LPSURYHPHQW�LQ
FDOFXODWLRQ�VSHHG�LI�WKH�FXPXODWLYH�WUDQVSRUW�PDWULFHV
ZHUH�QRW�FDOFXODWHG�

&OLS�3DUWLFOHV 7RJJOHV�SDUWLFOH�FOLSSLQJ�RQ�RU�RII��:KHQ�RQ��WKH
SDUWLFOHV�ZLOO�EH�FOLSSHG�E\�WKH�ERXQGDULHV�VHW�XS�E\�WKH
DSHUWXUHV��(YHQ�ZKHQ�6KRZ�$SHUWXUHV�LV�RII��WKH
SDUWLFOHV�ZLOO�QRW�EH�DOORZHG�SDVW�WKH�DSHUWXUH
ERXQGDULHV��,PSRUWDQW��7KLV�RSWLRQ�PXVW�EH�RQ�WR
JHW�DFFXUDWH�UHDGLQJV�LQ�WKH�&ROOLPDWRU�ZLQGRZ�

6DYH�3DUWLFOHV 7RJJOHV�WKH�6DYH�3DUWLFOHV�IHDWXUH�RQ�RU�RII�IRU�ERWK
JUDSKLFV�ZLQGRZV��:KHQ�RQ��WKH�SDUWLFOHV�DUH�VDYHG�VR
WKDW�WKH�ZLQGRZV�FDQ�EH�UHVL]HG��WR�VKRZ�ELJJHU�RU
VPDOOHU�SORWV��ZLWKRXW�KDYLQJ�WR�UHGR�WKH�UXQ��:KHQ
WRJJOHG�RII��WKH�SDUWLFOHV�DUH�ORVW�LI�D�JUDSKLFV�ZLQGRZ
LV�UH�VL]HG��<RX�WKHQ�QHHG�WR�GR�D�QHZ�UXQ��7KH
DGYDQWDJH�WR�OHDYLQJ�WKLV�IHDWXUH�RII�LV�WKDW�WKH�UXQ�LV
IDVWHU�

6KRZ�3DUWLFOHV 7RJJOHV�WKH�¶6KRZ�3DUWLFOHV·�IRU�WKH�JUDSKLFV�ZLQGRZ
RQ�RU�RII��:KHQ�RQ��WKH�SDUWLFOHV�ZLOO�EH�VKRZQ�GXULQJ
D�PXOWL�SDUWLFOH�UXQ�

6KRZ�$SHUWXUHV 7RJJOHV�WKH�DSHUWXUHV�LQ�WKH�JUDSKLFV�ZLQGRZ�RQ�RU
RII��:KHQ�RQ��WKH�DSHUWXUHV�ZLOO�DSSHDU�LQ�WKH�QH[W�UXQ
DV�JUHHQ�OLQHV�LQ�WKH�JUDSKLFV�SORWV�

6KRZ�²�6%,:�,FRQ
����������������1DPHV

7RJJOHV�WKH�QDPHV�IRU�WKH�HOHPHQWV�LQ�WKH�6HTXHQWLDO
%HDP�,FRQ�:LQGRZ�RQ�RU�RII�
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Help Menu

)LJXUH��������+HOS�0HQX

$ERXW�« 'LVSOD\V�LQIRUPDWLRQ�DERXW�WKH�%HDPOLQH�6LPXODWRU
DSSOLFDWLRQ�VXFK�DV�GDWH�RI�FUHDWLRQ�DQG�FRS\ULJKW�

10.4  Toolbar
7KH�7RROEDU�EXWWRQV�DUH�RQH�VWHS�DFWLRQ�LQLWLDWRUV�IRU�VRPH�RI�WKH�PHQX�LWHPV
IRXQG�RQ�WKH�0DLQ�PHQX�EDU�

Speed Buttons

1HZ &UHDWHV�D�QHZ�EHDP�WUDQVSRUW�V\VWHP�

2SHQ 2SHQV�DQ�H[LVWLQJ�EHDPOLQH�V\VWHP�RQ�GLVN�

6DYH 6DYHV�WKH�FXUUHQW�EHDPOLQH�ZLWK�WKH�FXUUHQW�ILOH�QDPH
DQG�GULYH�

6DYH�$V��� 6DYHV�WKH�FXUUHQW�EHDPOLQH�ZLWK�D�QHZ�ILOHQDPH�

7HVW 2SHQV�D�ILOH�LQ�WKH�FXUUHQW�ILOH�GLUHFWRU\�FDOOHG
7(67�%/1��

5XQ ,QLWLDWHV�WKH�UXQ�DOJRULWKP�

6WRS 6WRSV�WKH�UXQ�DOJRULWKP�DW�DQ\�LWHUDWLRQ�GXULQJ�D�PXOWL�
SDUWLFOH�UXQ�RU�FRQVWUDLQW�DOJRULWKP�UXQ�
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Window Show/Hide Buttons

9DU\�3DUDPHWHU
���:LQGRZ�7RJJOH

2SHQV�WKH�9DU\�3DUDPHWHU�:LQGRZ�DQG�EULQJV�LW�WR
WKH�IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

&ROOLPDWRU�:LQGRZ
���7RJJOH

2SHQV�WKH�&ROOLPDWRU�:LQGRZ�DQG�EULQJV�LW�WR�WKH
IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

5HVRXUFH�:LQGRZ
���7RJJOH

2SHQV�WKH�5HVRXUFH�:LQGRZ�DQG�EULQJV�LW�WR�WKH
IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

0DWUL[�:LQGRZ�7RJJOH 2SHQV�WKH�0DWUL[�:LQGRZ�DQG�EULQJV�LW�WR�WKH
IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

*UDSKLFV�:LQGRZ��
7RJJOH

2SHQV�*UDSKLFV�:LQGRZ����DQG�EULQJV�LW�WR�WKH
IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

*UDSKLFV�:LQGRZ���
7RJJOH

2SHQV�*UDSKLFV�:LQGRZ����DQG�EULQJV�LW�WR�WKH
IRUHIURQW�DKHDG�RI�DOO�RWKHU�ZLQGRZV��RU�FORVHV�DQG
KLGHV�LW�

6WDWXV�%DU 'LVSOD\V�WKH�VWDWXV�RI�WKH�VRIWZDUH�
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10.5 Vary Parameter Window

)LJXUH��������9DU\�3DUDPHWHU�:LQGRZ

7KH�9DU\�3DUDPHWHU�:LQGRZ�LV�XVHG�IRU�KDQGV�RQ�WXQLQJ�RI�RQH�EHDPOLQH
HOHPHQW�DW�D�WLPH�

��LV�D�FRQYHQLHQWO\�ORFDWHG�UXQ�EXWWRQ��,W�ZRUNV�H[DFWO\�OLNH�WKH�RQH�RQ�WKH
7RROEDU�

8VH� �WR�H[SDQG�WKH�ZLQGRZ�WR�LQFOXGH�LQIRUPDWLRQ�RQ�WKH�FXUUHQW�HOHPHQW�
YDU\�SDUDPHWHU�DQG�SDUDPHWHU�YDOXH�

7R�XVH�WKH�9DU\�3DUDPHWHU�:LQGRZ�
�� 'HFLGH�ZKLFK�EHDPOLQH�HOHPHQW�SDUDPHWHU�\RX�ZLVK�WR�YDU\�DQG
�����WKHQ�GRXEOH�FOLFN�WKDW�HOHPHQW�LFRQ�LQ�WKH�6%,�ZLQGRZ�

�� &OLFN�WKH�YDU\�UDGLR�EXWWRQ�EHVLGH�WKH�DSSURSULDWH�SDUDPHWHU�

�� &OLFN�2.�WR�DFFHSW�WKH�FKDQJHV�DQG�FORVH�WKH�GLDORJ�ER[�

�� &OLFN�\RXU�FKRVHQ�HOHPHQW�WR�HQVXUH�WKDW�LW�LV�WKH�FXUUHQW�HOHPHQW�LQ
������WKH�6%,�:LQGRZ��7KHUH�VKRXOG�EH�UHG�EDUV�DERYH�DQG�EHORZ�LW�

�� &OLFN�� ���%DVH�$SSOLFDWLRQ�:LQGRZ���7RROEDU��RU�VHOHFW�9DU\
�����3DUDPHWHU�:LQGRZ�XQGHU�WKH�:LQGRZ�PHQX��DOVR�LQ�WKH�%DVH
�����$SSOLFDWLRQ�:LQGRZ���7KLV�EULQJV�WKH�9DU\�3DUDPHWHU�:LQGRZ�WR
�����WKH�FHQWHU�RI�WKH�VFUHHQ�

�� &OLFN�RQH�RI�WKH�XS�RU�GRZQ�DUURZ�EXWWRQV�WR�YDU\�WKH�FKRVHQ
�����SDUDPHWHU��7KH�EOXH�DUURZ�WDNHV�D�ELJ�VWHS�DQG�WKH�UHG�DUURZ�WDNHV�D
�����VPDOOHU�VWHS��7KH�VWHS�VL]HV�DUH�VHW�LQ�WKH�&RQVWUDLQW�)RUP�)LOO�,Q
�����9DULDEOH�3DUDPHWHUV�GLDORJ�ER[��6HH�&KDSWHU������$SSO\LQJ
�����&RQVWUDLQWV�

�� :DWFK�WKH�JUDSKLFV�SORWV�WR�VHH�WKH�FKDQJHV�WKDW�WDNH�SODFH�
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�� 7R�PRYH�WR�WKH�QH[W�HOHPHQW�ZLWK�D�YDULDEOH�SDUDPHWHU��XVH�WKH�OHIW
�����RU�ULJKW�UHG�DUURZV�

10.6  Sequential Beam Icon Window

)LJXUH���������6HTXHQWLDO�%HDP�,FRQ�:LQGRZ

7KH�6HTXHQWLDO�%HDP�,FRQ�:LQGRZ��6%,�:LQGRZ��LV�DOZD\V�IRXQG�DW�WKH�ERWWRP
RI�WKH�VFUHHQ��7KLV�LV�ZKHUH�\RX�ZLOO�VSHQG�PXFK�RI�\RXU�WLPH��7KH�6%,�:LQGRZ
LV�XVHG�WR�DUUDQJH�WKH�EHDP�WUDQVSRUW�V\VWHP�HOHPHQWV�LQ�D�VHTXHQFH��RU�D�VWULQJ
RI�LFRQV�IURP�OHIW�WR�ULJKW��DV�WKH\�ZRXOG�DSSHDU�LQ�D�UHDO�V\VWHP��$OO�WKH�LFRQV
SODFHG�LQ�WKLV�ZLQGRZ�FRPH�IURP�WKH�6%,�:LQGRZ·V�SRS�XS�PHQX�

SBI Window Features

$SHUWXUHV�%XWWRQ 7KH�$SHUWXUHV�EXWWRQ�EULQJV�XS�D�GLDORJ�ER[
FRQWDLQLQJ�LQIRUPDWLRQ�UHODWHG�WR�WKH�DSHUWXUHV
�SK\VLFDO�EHDP�SLSH��FROOLPDWRUV�DQG�YDFXXP�ER[HV��
6HH�&KDSWHU������$SHUWXUHV�%XWWRQ�

%HDP�6RXUFH�,FRQ 7KH�%HDP�6RXUFH�LFRQ�LV�DOZD\V�WKH�ILUVW�LFRQ�LQ�WKH
EHDPOLQH�VHTXHQFH��&OLFN�WKLV�LFRQ�WR�EULQJ�XS�WKH
%HDP�6RXUFH�)RUP�)LOO�,Q�GLDORJ�ER[��,W�FRQWDLQV�DOO
WKDW�\RX�QHHG�WR�VLPXODWH�D�UHDO�EHDP�VRXUFH��6HH
&KDSWHU������%HDP�6RXUFH�)RUP�)LOO�,Q�

&RQVWUDLQW�,FRQ 3ODFH�WKH�&RQVWUDLQW�LFRQ�DW�DQ\�SRLQW�LQ�WKH�EHDPOLQH
ZKHUH�\RX�PXVW�PHHW�D�EHDP�RU�WUDQVSRUW�PDWUL[
FRQVWUDLQW��7\SLFDOO\�WKH�&RQVWUDLQW�LFRQ�LV�OHIW�DW�WKH
HQG�RI�WKH�EHDPOLQH�WR�HQDEOH�WKH�XVHU�WR�FRQVWUDLQ�WKH
EHDP�VL]H�WR�ILW�WKH�WDUJHW��6HH�&KDSWHU�������$SSO\LQJ
&RQVWUDLQWV�



���� �&RPPDQG�	�7RRO �5HIHUHQFH����������

��������� � �9� ��

&URVV�6HFWLRQ�3ORW�,FRQ 7KH�SODFHPHQW�RI�WKH�&URVV�6HFWLRQ�3ORW�LFRQ
GHWHUPLQHV�ZKHUH�DOO�FURVV�VHFWLRQDO�DQG�RU�LQWHQVLW\
SORW�GDWD�ZLOO�EH�JHQHUDWHG��7KH�&URVV�6HFWLRQ�3ORW
LFRQ�FDQ�EH�SODFHG�DW�DQ\�ORFDWLRQ�DORQJ�WKH�EHDPOLQH·V
=�D[LV��6HH�&KDSWHU������&URVV�6HFWLRQ�3ORW�,FRQ�

'LSROH�(OHPHQW 7KH�GLSROH�HOHPHQW�UHSUHVHQWV�D�GLSROH�PDJQHW��$
GLSROH�PDJQHW�LV�QRUPDOO\�XVHG�WR�FDXVH�D�FKDUJHG
SDUWLFOH�EHDP�WR�EH�WUDQVSRUWHG�DORQJ�D�FXUYHG
WUDMHFWRU\��6HH�&KDSWHU������6SHFLI\LQJ�3DUDPHWHUV�IRU
(OHPHQWV�

'ULIW�/HQJWK�(OHPHQW 7KH�'ULIW�/HQJWK�HOHPHQW�UHSUHVHQWV�D�UHJLRQ�RI�WKH
EHDPOLQH�ZKHUH�WKH�EHDP�GULIWV�WKURXJK�]HUR�DSSOLHG
ILHOGV��)RU�H[DPSOH��WKH�VSDFHV�EHWZHHQ�PDJQHWV�DUH
XVXDOO\�GULIW�VSDFHV��6HH�&KDSWHU������6SHFLI\LQJ
3DUDPHWHUV�IRU�(OHPHQWV�

(QG�5XQ�,FRQ 7KH�(QG�5XQ�LFRQ�LV�XVHG�WR�VWRS�WKH�UXQ�DOJRULWKP�DW
D�GHVLUHG�=�FR�RUGLQDWH��,W�LV�XVHG�RQO\�IRU�PXOWL�
SDUWLFOH�EHDPV�DQG�PD\�EH�SODFHG�DW�DQ\�ORFDWLRQ�LQ�WKH
EHDPOLQH�DORQJ�WKH�=�D[LV��6HH�&KDSWHU������(QG�5XQ
,FRQ�

*DUEDJH�&DQ 'UDJ�DQG�GURS�EHDPOLQH�LFRQV��RU�HOHPHQWV��LQWR�WKH
*DUEDJH�&DQ��<RX·YH�VXFFHVVIXOO\�GHOHWHG�DQ�LFRQ
ZKHQ�WKH�JDUEDJH�FDQ�EHFRPHV�DQLPDWHG�

*HW�6\VWHP�0HWULFV
���,FRQ

:KHQ�\RX�SODFH�D�*HW�6\VWHP�0HWULFV�LFRQ�\RX�DUH
DVNLQJ�IRU�PHDVXUHPHQW�LQIRUPDWLRQ�DERXW�WKH�EHDP
KDOI�VL]HV��WKH�FXPXODWLYH�EHDP�VLJPD�PDWUL[��WKH
FXPXODWLYH�WUDQVSRUW�PDWUL[�DQG�WKH�SDUWLFOH�YHFWRU�FR�
RUGLQDWHV��7KLV�GDWD�LV�JHQHUDWHG�DW�WKH�=�FR�RUGLQDWH
ZKHUH�WKH�LFRQ�LV�ORFDWHG�LQ�WKH�6%,�:LQGRZ��$Q\
QXPEHU�RI�*HW�6\VWHP�0HWULFV�LFRQV�FDQ�EH�XVHG��6HH
&KDSWHU������*HW�6\VWHP�0HWULFV�,FRQ�
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+RW�.H\V
���,��.��0��/��-

�

7KH�KRW�NH\V�DUH�XVHG�WR�PDQXDOO\�WXQH�WKH�YDULDEOH
SDUDPHWHU�IRU�WKH�FXUUHQW�HOHPHQW��7KH\�ZRUN�LQ�PXFK
WKH�VDPH�ZD\�DV�WKH�DUURZV�LQ�WKH�9DU\�3DUDPHWHU
:LQGRZ�
��LV�D�ELJ�VWHS�XS�
0�LV�D�ELJ�VWHS�GRZQ�
,�LV�D�VPDOO�VWHS�XS�
.�LV�D�VPDOO�VWHS�GRZQ�
/�DFWLYDWHV�WKH�QH[W�LFRQ�WR�WKH�ULJKW�ZLWK�D�YDULHG
SDUDPHWHU�
-�DFWLYDWHV�WKH�QH[W�LFRQ�WR�WKH�OHIW�ZLWK�D�YDULHG
SDUDPHWHU�
7KH�VWHS�VL]HV�DUH�VHW�LQ�WKH�&RQVWUDLQW�)RUP�)LOO�,Q
9DULDEOH�3DUDPHWHUV�GLDORJ�ER[��6HH�&KDSWHU����
$SSO\LQJ�&RQVWUDLQWV�

,FRQ�$FWLYDWLRQ 5HG�FRORUHG�EDUV�DW�WKH�WRS�DQG�ERWWRP�RI�DQ�LFRQ
LQGLFDWHV�WKDW�LW�LV�WKH�FXUUHQW�LFRQ��7KLV�DOVR�LQGLFDWHV�D
FRQQHFWLRQ�WR�WKH�KRWNH\V�

1RQ�6WDQGDUG�(OHPHQW 7KH�1RQ�6WDQGDUG�HOHPHQW�UHSUHVHQWV�D�QRQ�VWDQGDUG
VWHHULQJ�RU�IRFXVLQJ�FRPSRQHQW�LQ�WKH�EHDPOLQH��7KH
WUDQVSRUW�PDWUL[�IRU�WKH�QRQ�VWDQGDUG�RSWLFDO
FRPSRQHQW�PXVW�EH�QXPHULFDOO\�GHWHUPLQHG�E\
VSHFLDOLVHG�SURJUDPV��6HH�&KDSWHU������6SHFLI\LQJ
3DUDPHWHUV�IRU�(OHPHQWV�

3HUWXUEDWLRQ�(OHPHQW 7KH�3HUWXUEDWLRQ�HOHPHQW�LV�XVHG�WR�UHSUHVHQW
WUDQVODWLRQDO�RU�DQJXODU�GLVSODFHPHQWV�RI�WKH�EHDP�
7KHVH�GLVSODFHPHQWV�PD\�EH�LQKHUHQW�LQ�WKH�VRXUFH
EHDP�RU�LQWURGXFHG�E\�D�VWHHULQJ�PDJQHW��6HH�&KDSWHU
�����6SHFLI\LQJ�3DUDPHWHUV�IRU�(OHPHQWV�

3RVLWLRQ�7DJV $�SRVLWLRQ�WDJ�LV�SODFHG�DW�LQWHUYDOV�DORQJ�WKH�EHDPOLQH
WR�LQGLFDWH�WKH�SRVLWLRQV�RI�LFRQV�RU�HOHPHQWV��7KH
SRVLWLRQ�WDJV�DUH�SODFHG�DIWHU�HYHU\���LFRQV�VR�WKH\�UHDG
����������HWF�
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4XDGUXSROH�(OHPHQW 7KH�4XDGUXSROH�HOHPHQW�UHSUHVHQWV�D�TXDGUXSROH
PDJQHW��$�TXDGUXSROH�PDJQHW�LV�XVHG�IRU�IRFXVLQJ�D
FKDUJHG�SDUWLFOH�EHDP��6HH�&KDSWHU������6SHFLI\LQJ
3DUDPHWHUV�IRU�(OHPHQWV�

5RWDWLRQ�(OHPHQW 7KH�5RWDWLRQ�HOHPHQW�LV�XVHG�WR�UHSUHVHQW�V\VWHPV
ZKHUH�WKH�HOHPHQWV�DUH�URWDWHG�ZLWK�UHVSHFW�WR�WKH
KRUL]RQWDO�DQG�YHUWLFDO�D[HV��6HH�&KDSWHU�����
6SHFLI\LQJ�3DUDPHWHUV�IRU�(OHPHQWV�

6ROHQRLG�(OHPHQW 7KH�62/(12,'�HOHPHQW�UHSUHVHQWV�D�VROHQRLG
PDJQHW�

6%,�:LQGRZ
���&OLSERDUG�9LHZHU

0RYH�WKH�PRXVH�SRLQWHU�RYHU�WRS�RI�WKH�FOLSERDUG
YLHZHU�WR�VHH�WKH�QDPH�RI�WKH�HOHPHQW�WKDW�LV�RQ�WKH
FOLSERDUG�

6FUROO�%DU %\�GHIDXOW��WKH�VFUROO�EDU�LV�LQDFWLYH�DQG�LQYLVLEOH��:KHQ
WKHUH�DUH�WRR�PDQ\�LFRQV�WR�EH�FRQWDLQHG�LQ�RQH
ZLQGRZ�WKH�VFUROO�EDU�LV�XVHG�WR�EULQJ�WKH�GHVLUHG�LFRQV
LQWR�YLHZ�

7KLQ�/HQV�(OHPHQW 7KH�7+,1�/(16�HOHPHQW�UHSUHVHQWV�DQ�LGHDO�IRFXVLQJ
HOHPHQW�

9DU\�7DJV $�YDU\�WDJ�LV�SODFHG�DW�WKH�ERWWRP�RI�DQ�LFRQ�WR
LQGLFDWH�DQ�LFRQ�ZLWK�D�YDU\LQJ�SDUDPHWHU�

Making an Icon Current

7KH�FXUUHQW�RU�VHOHFWHG�LFRQ�LQ�WKH�6%,�:LQGRZ�KDV�WKH�UHG�EDUV�DERYH�DQG�EHORZ�LW�
:KHQ�FXWWLQJ�DQG�SDVWLQJ�LFRQV�DQG�ZKHQ�XVLQJ�WKH�9DU\�3DUDPHWHU�:LQGRZ��LW�LV
LPSRUWDQW�WR�EH�DZDUH�RI�ZKLFK�LFRQ�LV�FXUUHQW��7KH�9DU\�3DUDPHWHU�:LQGRZ
DGMXVWV�SDUDPHWHUV�IRU�WKH�FXUUHQW�LFRQ�RQO\�
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7R�PDNH�DQ�LFRQ�FXUUHQW�
�� 3ODFH�WKH�FXUVRU�RYHU�WKH�LFRQ�DQG�FOLFN�

Inserting Icons

7R�LQVHUW�D�QHZ�LFRQ�
�� 3ODFH�WKH�FXUVRU�LQ�WKH�JUD\�DUHD�RI�WKH�6%,�:LQGRZ�

�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�WKH�(/(0(17�1$0(�RI�\RXU�FKRLFH�

�� 0RYH�WKH�FXUVRU�WR�WKH�GHVLUHG�ORFDWLRQ�LQ�WKH�6%,�:LQGRZ�DQG�FOLFN
�����WR�LQVHUW�

Cutting and Pasting Icons

7R�FXW�DQG�SDVWH�DQ�H[LVWLQJ�LFRQ�
�� ,Q�WKH�6%,�:LQGRZ��FOLFN�WKH�LFRQ�\RX�ZLVK�WR�PRYH�

�� 3ODFH�WKH�FXUVRU�LQ�WKH�JUD\�DUHD�RI�WKH�6%,�:LQGRZ�

�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�&87�

�� $JDLQ��ULJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�3$67(��7KH�HOHPHQW�LV�DOZD\V�LQVHUWHG�DIWHU�WKH�FXUUHQW�LFRQ�

1RWH���DQ\�LFRQ�WKDW�\RX�KDQGOH��H�J���LQVHUW��FXW�DQG�SDVWH��GUDJ�DQG�GURS�RU�OHIW
FOLFN�EHFRPHV�WKH�FXUUHQW�LFRQ�

Rearranging Icons by Drag and Drop

7R�GUDJ�DQG�GURS�DQ�LFRQ�
�� &OLFN�WKH�LFRQ�DQG�FRQWLQXH�WR�KROG�WKH�PRXVH�EXWWRQ�GRZQ�

�� 'UDJ�WKH�FXUVRU�DFURVV�WKH�6%,�:LQGRZ�DQG�ZDWFK�WKH�SXUSOH�EDUV
�����PRYH�ZLWK�\RX��:KHQ�\RX�UHDFK�WKH�QHZ�ORFDWLRQ�UHOHDVH�WKH�PRXVH
�����EXWWRQ��7KH�LFRQ�ZLOO�GURS�LQWR�SODFH�
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3 Ways to Delete an Icon

7R�GHOHWH�DQ�LFRQ�
�� &OLFN�WKH�LFRQ�WR�PDNH�LW�WKH�FXUUHQW�LFRQ�

�� 3UHVV�WKH�'HO�NH\��7KH�JDUEDJH�FDQ��XSSHU�OHIW�FRUQHU�RI�WKH
�����6%,�:LQGRZ��ZLOO�EHFRPH�DQLPDWHG�WR�VKRZ�WKDW�WKH�LFRQ�KDV�EHHQ
�����GHOHWHG�

25

�� &OLFN�WKH�LFRQ�DQG�FRQWLQXH�WR�KROG�WKH�PRXVH�EXWWRQ�GRZQ�

�� 'UDJ�WKH�FXUVRU�WR�WKH�JDUEDJH�FDQ�DQG�UHOHDVH�WKH�PRXVH�EXWWRQ�
�����7KH�JDUEDJH�FDQ�ZLOO�EHFRPH�DQLPDWHG�WR�VKRZ�WKDW�WKH�LFRQ�KDV
�����EHHQ�GHOHWHG�

25

�� &OLFN�WKH�LFRQ�WR�PDNH�LW�WKH�FXUUHQW�LFRQ�

�� 5LJKW�FOLFN�WKH�PRXVH�WR�YLHZ�WKH�SRS�XS�PHQX�

�� &OLFN�'(/(7(�(/(0(17�

Specifying Parameters for Elements

7R�GHILQH�RU�FKDQJH�D�SDUDPHWHU�IRU�DQ\�HOHPHQW�LQ�WKH�6%,�:LQGRZ�
�� 'RXEOH�FOLFN�WKH�HOHPHQW�LFRQ�WR�YLHZ�WKH�)RUP�)LOO�,Q�SDJH�

�� &OLFN�LQVLGH�WKH�SDUDPHWHU�ER[�RU�RQ�D�UDGLR�EXWWRQ�

�� 7\SH�LQ�WKH�QHZ�SDUDPHWHU�

�� &OLFN�2.�

8VLQJ�WKH�)RUP�)LOO�,Q�SDJHV�\RX�FDQ�HDVLO\�GHILQH�HDFK�HOHPHQW�LQ�D�GLIIHUHQW�ZD\
³�QR�PDWWHU�KRZ�PDQ\�HOHPHQWV�WKHUH�DUH�
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Appendix A … Units of Measurement

7KHVH�DUH�WKH�XQLWV�XVHG�WKURXJKRXW�WKH�VRIWZDUH�

Optical Parameters

)LHOG�6WUHQJWK���NLOR�*DXVV��N*�
&XUUHQW��$PSV��$�
/HQJWK���PLOOLPHWHUV��PP�
$QJOH��GHJUHHV

Beam Half-Sizes

;���PP�
;
��UDGLDQV��UDG�
�[[
��WLOW�DQJOH�RI�WKH�KRUL]RQWDO�SKDVH�HOOLSVH
���������LQ�GHJUHHV
<���PP�
<
��UDGLDQV��UDG�
�\\
��WLOW�DQJOH�RI�WKH�YHUWLFDO�SKDVH�HOOLSVH�LQ
���������GHJUHHV
∆��GHOWD��SHUFHQW����

Particles

3DUWLFOH�(QHUJ\���0H9�
3DUWLFOH�0DVV���0H9�

Graphics Plots

=��PHWHUV��P�

Appendix B … Utilities

Resource Window

7KH�UHVRXUFH�ZLQGRZ�VKRZV�KRZ�PHPRU\�LV�DOORFDWHG�WR�WKH�VRIWZDUH��¶7RWDO�$GGUHVV�6SDFH·
VKRZV�KRZ�PXFK�PHPRU\�WKH�HQWLUH�DSSOLFDWLRQ�LV�XVLQJ��¶7RWDO�8QFRPPLWWHG·�VKRZV�KRZ
PXFK�RI�WKH�WRWDO�DGGUHVV�VSDFH�FDQ�VWLOO�EH�XVHG��¶7RWDO�$OORFDWHG·�VKRZV�KRZ�PXFK�SK\VLFDO
PHPRU\�WKH�VRIWZDUH�LV�XVLQJ��¶7LPH·�LV�DOVR�GLVSOD\HG��)HDWXUHV�LQ�WKLV�ZLQGRZ�DUH�XSGDWHG
HYHU\�VHFRQG�

$SSHQGL[�%��5HVRXUFH�:LQGRZ
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Matrix Testing Window

7KLV�PDWUL[�ZLQGRZ�ZDV�XVHG�WR�WHVW�WKH�VRIWZDUH�DQG�KDV�EHHQ�OHIW�LQ�DV�D�PDWUL[�PXOWLSOLFDWLRQ
XWLOLW\��<RX�FDQ�PXOWLSO\�$�DQG�%�PDWUL[�WRJHWKHU�LQ�D�QXPEHU�RI�ZD\V��7KH�ILUVW�VWHS�LV�WR�HGLW
WKH�$�DQG�%�PDWULFHV�ZLWK�PDWUL[�HOHPHQW�GDWD��$IWHU�WKH�QXPEHUV�DUH�HQWHUHG�DQG�WKH�GHVLUHG
PDWULFHV�DUH�UHDG\�WR�EH�PXOWLSOLHG��FOLFN�WKH�&DOFXODWH�EXWWRQ�DQG�WKH�UHVXOWV�DUH�SXW�LQWR�WKH
UHVSHFWLYH�UHVXOWDQW�PDWULFHV��7KH�UHVXOWDQW�PDWULFHV�DUH���$%��%$��$7��DQG�$%$7�

$SSHQGL[�%��0DWUL[�7HVWLQJ�:LQGRZ
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Appendix C … System Requirements

0LQLPXP 6XJJHVWHG
&38 L����²����0+] 3HQWLXP�²�����0+]
+DUG�'ULYH ���0E�IUHH ���0E�IUHH
0HPRU\ ��0E ���0E
0RXVH 5HTXLUHG 5HTXLUHG
.H\ERDUG 5HTXLUHG 5HTXLUHG
9LGHR�%RDUG ��0E ��0E
2SHUDWLQJ�6\VWHP�V� :LQGRZV��� :LQGRZV����RU

:LQGRZV�17

Appendix D … Customer Support

,I�\RX�DUH�D�UHJLVWHUHG�%HDPOLQH�6LPXODWRU�XVHU�\RX�DUH�HQWLWOHG�WR�FHUWDLQ�FXVWRPHU�VXSSRUW
VHUYLFHV�ZKLFK�DUH�H[SODLQHG�LQ�WKLV�DSSHQGL[�

Registration

7R�UHJLVWHU�%HDPOLQH�6LPXODWRU��ID[�RU�PDLO�\RXU�FRPSOHWHG�UHJLVWUDWLRQ�IRUP�WR�WKH
FRQWDFW�QXPEHU�RU�DGGUHVV�OLVWHG�EHORZ�

Customer Service & Technical Support

,I�\RX�QHHG�PRUH�LQIRUPDWLRQ�DERXW�'HKQHO�&RQVXOWLQJ�/WG��SURGXFWV�DQG�VHUYLFHV�RU�LI
\RX�UHTXLUH�WHFKQLFDO�VXSSRUW��FRQWDFW�'U��0RUJDQ�'HKQHO�DW�

7HOHSKRQH� ����������������
)D[� ����������������
H�PDLO� PGHKQHO#ZNSRZHUOLQN�FRP

<RX�PD\�DOVR�ZULWH�WR�XV�DW�

'HKQHO�&RQVXOWLQJ�/WG�
32�%R[����
1HOVRQ��%&��&DQDGD��9�/��3�
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Appendix E … Ion-Optics Technical Notes
The appendix gives an overview of charged particle optics and also describes a number of common ion-optical

elements.

E.1 CHARGED PARTICLE OPTICS AND TRANSPORT

A large number of charged particle beam transport systems have been built over the past fifty years,

and so it is not surprising that there are a number of good books and papers describing such systems [1 − 13].

Charged particle transport systems are typically designed to guide an input charged particle beam to the exit of

the transport system with minimal particle loss and without degradation in beam quality. In addition, specific

optical properties may be forced upon the beam during transport to enhance the usefulness of the beam upon

exiting the system.

E.1.1 PHASE SPACE

A good description of phase space is given by Banford [2]:

"Consider a particle moving in a three dimensional Cartesian coordinate system 0x, 0y, 0z. For present purposes a particle
is completely specified if we know where it is and where it is going, that is to say we require to know the three coordinates
x, y, z and the three momentum components px, py, pz. All this information can be represented by the position of a point in

a six-dimensional space with coordinates x, y, z, px, py, pz. This six-dimensional space is known as phase space."

A representative ion which has just been extracted from an accelerator is located in phase space, and

as it proceeds through the transport system (beamline) it describes a curve in phase space. Similarly, each of

the beam’s ions can be represented by a point in phase space, and beam transport can be considered to be the

manipulation of the finite region occupied by these points in phase space.

Having introduced the concept of phase space, it is now prudent to introduce Liouville’s theorem. The

ramifications of this theorem affect nearly all aspects of charged particle transport. As presented in [2], the

theorem states that:

"Under the action of forces which can be derived from a Hamiltonian, the motion of a group of particles is such that the
local density of the representative points in the appropriate phase space remains everywhere constant."

The consequence of this theorem is that if satisfied, the hypervolume of the region occupied by the

beam in phase space is conserved. The orientation and shape of the beam region may change throughout the

transport process. However, if a particular phase space dimension of the beam shrinks, one or more of the other
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dimensions grows to maintain the hypervolume occupied by the beam. Often the hypervolume of the beam in a

lower dimensional sub-space is also conserved during transport. This occurs when the motions of the particles

in the sub-space are independent or uncoupled from their other phase space dimensions. In fact, a large number

of transport systems are designed such that the (x, px), (y, py) and (z, pz) sub-spaces act independently of each

other.

Transport systems are usually designed to ensure that Liouville’s theorem is applicable. A

Hamiltonian can be written for any charged particle beam acted upon by forces arising from external

macroscopic electric and/or magnetic fields. For such beams, the theorem applies. However, if particles are lost

from the beam due to collimation, if interactions with targets occur, or if synchrotron radiation is emitted by

the beam, the theorem does not apply [14]. Although a Hamiltonian in a higher dimensional space can be

found, in principle, for electrostatic interactions between individual charged particles within the beam (space

charge) [2], we limit ourselves to six dimensions. Within this six dimensional space, the beam does not adhere

to Liouville’s theorem for space charge interactions.

E.1.2 LINEAR CHARGED PARTICLE TRANSPORT

E.1.2.1 Coordinate System

A fixed (x, y, z) coordinate system is of limited utility for most transport systems. The mathematical

expression for the trajectory of an individual particle becomes extremely complicated in all but the simplest

transport systems when a fixed coordinate system is used. The coordinate system which is best suited to

describing charged particle trajectories is the curvilinear system illustrated in Figure E.1. This is an orthogonal

right-handed coordinate system which moves with an ideal mono-energetic charged particle along the central

trajectory of the transport system. The unit vector z is the coordinate tangential to the central trajectory and in

the direction of motion. The transverse coordinates x and y measure the displacement of a particle from the

central trajectory. It is usual for x to be the coordinate in the lab horizontal plane and y to be the coordinate in

the lab vertical plane.
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Figure E.1: The curvilinear coordinate system.

The commonly used TRANSPORT [8] formalism for describing charged particle transport utilizes the

curvilinear coordinate system described above. The full description of the six coordinates in TRANSPORT’s

version of phase space are as follows:

• x = the horizontal displacement of the arbitrary trajectory or ray with respect to the central trajectory.
• x’ = the angle the arbitrary ray makes in the horizontal plane with respect to the central trajectory.
• y = the vertical displacement of the arbitrary ray with respect to the central trajectory.
• y’ = the angle the arbitrary ray makes in the vertical plane with respect to the central trajectory.
• l = the path length difference between the arbitrary ray and the central trajectory.
• δ = the fractional momentum deviation of the ray from the central trajectory (∆p/pTot).

The momenta in Banford’s description of phase space are not explicitly used here. However, they are included

in the sense that the angular divergence of a particle relative to the beam axis (x' = dx/dz, and y' = dy/dz) is

equal to the ratio of transverse and axial momenta.

The path length difference associated with arbitrary trajectories is usually of no consequence in

industrial beamlines. Thus, phase space from this point hence will be limited to the five dimensions (x, x', y,

y',δ).  As is shown in [2], Liouville’s theorem still applies in this lower dimensional phase space.

E.1.2.2 Linear Transport Matrices

Charged particle transport can be simplified to a process of matrix multiplication as developed by

Brown [10]. The particle’s coordinates are contained in a column vector X1 = (x1, x'1, y1, y'1, δ1). The

subscript 1 indicates that the transverse coordinates are with respect to the curvilinear coordinate system at
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some position 1 along the central trajectory within the transport system. Similarly, the particle’s coordinates at

some position 2 along the central trajectory are then X2 = (x2, x'2, y2, y'2, δ2). The goal in charged particle

transport is to be able to calculate a particle’s coordinates at 2 knowing X1 and the linear transport matrix R12.

The matrix R12  provides a very good approximation to the optical transformation that occurs between

positions 1 and 2. The multiplication that is performed is as follows:

X2 = R12·X1. (E.1)

The standard linear transport matrices used in the Beamline Simulator can all be derived using theory

based on mirror symmetric magnetic systems. The derivation of these matrices starts, for a particle of mass m

and charge q, with the Lorentz equation
d

 =  
d(m

 =  q(   )
p v

v B
dt

)

dt
× ,        (E.2)

where p is the momentum, v is the velocity, B is the magnetic flux density, and t is time.

By breaking this equation into its constituent (x, y, z) components, changing the variable of

differentiation from time to distance along the trajectory, and performing some algebraic manipulation as done

in [10, 14], one arrives at the following two equations

′′ ′ ′ ′ ′ ′ ′x  =  
q

p
1 +  x  +  y x y B  -  (1 +  x B  +  y B2 2

x
2

y z[ ) ] (E.3)

′′ ′ ′ ′ ′ ′ ′y  =  
q

p
1 +  x  +  y (1 +  y B  -  x y B  -  x B2 2 2

x y z[ ) ], (E.4)

where primes (') indicate differentiation with respect to distance along the trajectory. As yet, no simplifying

assumptions have been made. Therefore, equations E.3 and E.4 are valid to any order.

In solving equations E.3 and E.4 for the linear case, one makes the paraxial ray approximation which

removes terms of order higher than x' and y'. To tailor the equations to describe transport through a particular

device, one uses the appropriate magnetic field expansion for the device to substitute for the variables (Bx, By,

Bz). The simplest example is the case of a field free region, which is known as a drift space in the jargon of

charged particle optics. Equations E.3 and E.4 become

′′ ′′x  =  0    and    y  =  0, (E.5)
for a drift space.



$SSHQGLFHV���������

��������� � �9� ��

Solving (E.5) for a drift of length L between positions 1 and 2 along the central trajectory results in

the solution
x  =  x  +  Lx     and    x  =  x2 1 1 2 1′ ′ ′ (E.6)

y  =  y  +  Ly     and    y  =  y2 1 1 2 1′ ′ ′ , (E.7)

which can be written as

x

x
y

y
 =    

1 L

1

0 0

0
L

1
 

0

0
0

0
   

x

x

y
y

2

2

2

2

2

1

1

1

1

1

′

′


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






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


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
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⋅
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




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











δ δ

0 0
0 0 1

0 0 0

0 0 0 0 1

. (E.8)

The linear transport matrix R12 for any magnetic optical element can be derived following this same

procedure. An analogous procedure can, of course, be developed for electric field based optical elements. The

standard optical elements used in the study undertaken for Beamline Simulator include: the drift space, the

dipole magnet, the quadrupole magnet, the solenoid magnet, an electrostatic lens (modeled as an ideal thin

lens) and the coordinate rotation.

Linear transport matrices are also used to represent non-standard magnetic and/or electric field based

optical elements. The appropriate matrix for a non-standard element is produced by first integrating five

linearly independent paraxial particle coordinate vectors from the input of the element (position 1) through to

the output of the element (position 2) using an orbit tracking code such as CASINO or CYCLONE [15], and

appropriate field maps. The five input particle coordinate vectors (X1
1, X2

1, X3
1, X4

1, X5
1)  are assembled into

the columns of a matrix as are the five output beam column vectors (X1
2, X2

2, X3
2, X4

2, X5
2). One can then

solve for the linear transport matrix representing the device by performing the following matrix operation

[X1
2, X2

2, X3
2, X4

2, X5
2]⋅[X1

1, X2
1, X3

1, X4
1, X5

1]−1  =  R12. (E.9)

A linear transport system is usually composed of a number of optical elements. If the input

coordinates of a charged particle are known, then the particle coordinates at the output of an N element system

can be calculated as follows
X R R XN =      (N-1)N 12 1⋅ ⋅⋅⋅⋅ ⋅ ⋅ . (E.10)
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Space charge forces can be included as an impulse (thin lens) after each application of an R matrix.

The strength of each impulse is calculated with the linear space charge approximation [16], which is a function

of the beam current and cross-section. In the code TRANSPORT, the distance traveled between each impulse

must be optimized for best results. In the code TRANSOPTR [17], linear space charge forces, and all other

first order optical elements can be computed using an infinitesimal transport matrix formalism which elegantly

incorporates the fact that R becomes a function of the beam size when space charge forces are included [18].

E.1.3 HIGHER ORDER CHARGED PARTICLE TRANSPORT

In single pass transport systems the effect of non-linearity’s are often quite small. However, in

accelerators and storage rings where particles may be transported through many tens of thousands of identical

focusing elements, the compounding of even relatively small higher order effects can have a dramatic effect on

beam size and stability.

If higher order terms from equations (E.3) and (E.4) are retained in the procedure of section E.1.2.2.,

one can construct matrices which represent transport to a higher order. For example, to second order, as

described by [10] and used in TRANSPORT and TRANSOPTR, one can compute the coordinates of an output

beam vector (position 2) in terms of the original (position 1) using

X R( X T X X(  =   +  i i j j i j k j k) , ) ( ) ( , , ) ( ) ( )2 12 1 12 1 1⋅ ⋅ ⋅ (E.11)

where T is the second order transport matrix. Beamline Simulator, however, does not offer a second order

option.

In recent years, the need for dealing with higher order charged particle optics for repetitive systems

has lead to sophisticated differential algebraic techniques which provide maps from initial beam coordinates

and system parameters to final beam coordinates. These maps can be created to arbitrary order and can

describe standard optical elements, fringe fields and even radiation effects. These techniques are not necessary

for the purpose for which Beamline Simulator is intended, and have only been mentioned for completeness.

The reader can refer to [19] and [20] for an introduction to these techniques.

As alluded to in section E.1.2.2, another common technique for studying nonlinear effects is to

determine a particle’s trajectory by numerically solving the equation of motion for the particle as it passes
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through the appropriate electric and magnetic field maps. The accuracy of such techniques depends on the

integration algorithm, the step size and any approximations that are inherent in the field maps. The codes

CASINO, CYCLONE and ZGOUBI [21] are three such codes.

E.1.4 CHARGED PARTICLE BEAM TRANSPORT

Thus far single-particle transport has been discussed. It is, however, usually much more informative to

consider the transport of a multi-particle beam. In particular, one is often interested in the transverse envelope

of the beam as a function of position along the central ray. One way to simulate charged particle beam

transport is to choose a number of representative particles within the region occupied by the beam in phase

space, and to calculate the trajectories of each of these particles with the matrix formalism introduced

previously. In this manner the size of the beam can be ascertained by considering the particles with the

outermost transverse coordinates at various positions along the central trajectory. This method is particularly

useful when particles removed from the beam by collimation are to be considered, since this can be easily done

by comparing the collimator’s (x, y) boundaries with the coordinates of the particles, and then removing those

particles with excessive (x, y) coordinates from further transport computations.

Liouville’s theorem permits a different approach to simulating charged particle beam optics. One can

bound the beam with an appropriately sized and shaped surface in phase space, and then transport this surface

using the fact that the hypervolume of this closed surface in phase space must remain constant. The standard

surface to use for this purpose is an ellipsoid. An ellipsoid is chosen for two main reasons. The first is that the

transport of an ellipsoid is relatively easy to describe with the transport matrix approach, and the second is that,

although actual beams can have almost any shape in phase space, the ellipsoidal shape corresponds well with

measured beams.

The equation for an n dimensional ellipsoid defined by a positive definite symmetric matrix σ is given

by [12]

X XT 1σ−  =  1. (E.12)

The hypervolume enclosed by such an ellipsoid is

V =  
+1)

πn

n

/

( /

2

2Γ
det( )σ . (E.13)
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Often, the two and four dimensional sub-spaces of phase space are of interest. The hypervolume of a four

dimensional (4D) ellipsoid is (π2/2){det(σ4D)}½, and the area of a two dimensional (2D) ellipse is given by π

{det(σ2D)}½.

Recall that Xi corresponds to a beam vector at position (i) along the central ray. The matrix σi

corresponds to the beam ellipsoid at this position (i), and for the two dimensional case we have

Xi i =  
x(i)

x’(i)
   and    =  

i i

i i















σ

σ σ
σ σ

11 12

21 22

( ) ( )

( ) ( )
(E.14)

which yields

X Xi
T

i
-1

i iσ σ =  x i x(i)x’(i)  x’ i det(2
11

21   or    22σ σ σ( ) ( ) )− + =2 21 . (E.15)

Note that σ12(i) is equal to σ21(i). Beam transport from position 1 to position 2 along the central ray is

accomplished within the linear matrix formalism by performing the following matrix operation

σ σ2 1
TR R =  12 12 . (E.16)

For beam envelope computations in either 2 or 4 dimensional spaces one could invert the σi matrix at

each position (i) and use the analytical formulation of the ellipsoid as indicated in (E.15). However, it can be

shown that the square root of the diagonal components of σi are the projections of the extreme points of the

ellipsoid on the coordinate axes. For example, {σ11(i)}
½ is equal to xmax(i), and {σ33(i)}

½ is equal to ymax(i).

Thus, a plot of the x and y envelope of the beam as a function of positions (i) along the central ray can easily

be produced by using the matrix elements of σi at each position (i). As an example, Figure E.2 illustrates a

projection of the four dimensional beam ellipsoid onto the (x, x’) plane.
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Figure E.2: A projection of the beam ellipsoid onto the (x, x') plane. Note the dependence of the (x, x') ellipse’s
size and orientation on the σ matrix elements.

Recall that Liouville’s theorem requires that the hypervolume of a beam ellipsoid at position 1 must

equal that at position 2. This corresponds to requiring that

det( det(σ σ1 2) )= , (E.17)

and this implies that
det( 112R ) = . (E.18)

That the determinant of the transport matrices is equal to one is just a manifestation of Liouville’s theorem.

This result is built into the R matrix as well as the higher order transport matrices as a result of their derivation

from Hamiltonian based systems.

E.1.5 BEAM EMITTANCE

So far we have not addressed how best to specify the size of the ellipsoid representing the beam. The

emittance is a term used to describe the size of the beam in either the (x, x') or (y, y') phase space. It is defined

by the equation [14]

ε = det( )σ , (E.19)

where σ, when used to compute emittances, corresponds to the two dimensional sub-space associated with

either (x, x') or (y, y'). The emittance of the beam is usually specified for the (x, x') and (y, y') phase space

projections with units of (mm⋅rad). Using equation (E.13) it is apparent that the area of the beam in the (x, x')

sub-space is equal to πεxx’, and in the (y, y') sub-space it is equal to πεyy’.
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The emittance is a good measure of the size of the beam in the (x, x’) and (y, y’) phase spaces, as it is

proportional to the area of the beam in these spaces. The emittance is often thought of as being related to the

quality of the beam. A beam of small emittance corresponds to a high quality beam. This is because the (x, y)

projection of a small emittance beam is easier to maintain with small dimensions than a beam with a large

emittance. This in turn means that a high quality beam usually loses fewer particles during transport than a low

quality beam.

As indicated in [22], the emittance of a finite beam with a uniform charge distribution in phase space

is well defined. However, as the charge density of most actual beams is usually not uniform, the emittance of

an actual beam must then be related to the fraction of particles included within an idealized beam ellipse. A

common way to compute the emittance of the idealized beam ellipse, in a manner which is a fair representation

of the real physical beam it corresponds to, is to ensure that the idealized beam and the actual beam have the

same integrated intensity and the same second moments [23]. The second moments of a beam in the (x, x’) sub-

space are

x    x’    and    xx’2 2, (E.20)

and a representative calculation for the first term is as follows

x   
   x x, x’)dxdx’

(x, x’)dxdx’
2

2

= ∫∫
∫∫

ρ

ρ

(
, (E.21)

where ρ is the current density. If one computes these quantities for a real beam, and represents this real beam

using the idealized ellipse of uniform charge density defined by the 4rms emittance [23]

[ ]ε4rms  xx’
2 2 2

½

4 x x’ (xx’)= − , (E.23)

then both beams will have the same integrated intensity and the same second moments. Note that ε4rms, as

calculated in (E.23), is accurate regardless of the real beam phase space orientation at the time of measurement.
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Many real beams are quite closely approximated with a gaussian distribution. In the case of a real beam

having a gaussian distribution, ε4rms defines an idealized ellipse whose boundary contains 86% of the real

beam.

An important point to note concerning emittances is that they vary as a function of the total

momentum (pTot) of the beam. That this is so can be illustrated by noting that in two dimensions

εxx’ max intx x’= ⋅ , (E.24)

for the xmax and x’int defined in Figure E.2, and since x’int = px int/pTot, it is apparent that the emittance of this

beam will decrease as pTot increases. So, if beams of different total momentum are being compared, as is done

at different points during acceleration, one normally uses the normalized emittance of the beam. The

normalized emittance of the beam is calculated with the formula

ε εnxx’ xx’ max
x intx

p

mc
= = ⋅βγ , (E.25)

where m is the mass of the particle, c is the speed of light and β and γ are the usual relativistic parameters. The

normalized emittance describes the beam size with respect to transverse momentum and transverse dimensions

regardless of the total momentum.

E.1.6 EMITTANCE GROWTH

Recall that a beam with a small emittance is considered to be a high quality beam. This is because a

beam with a small emittance is usually easier to transport than a beam with a large emittance. Therefore, it is

important that every effort is made to create and maintain a beam of small emittance. Unfortunately, there are a

number of ways in which the emittance can grow.

In linear transport systems with midplane symmetry, the (x, x’) and (y, y’) sub-spaces are uncoupled,

and the emittances corresponding to these sub-spaces remain constant. A linear transport system in which

cross-plane coupling exists maintains a constant beam volume in the five dimensional phase space, however,

the projection of the beam phase space ellipsoid onto the (x, x’) and (y, y’) sub-spaces results in two

dimensional ellipses with equal or larger emittances than the projected (x, x’) and (y, y’) beam ellipses at the

beginning of the system.
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Non-linear beam transport systems which satisfy Liouville’s theorem can introduce an effective

emittance growth, although the actual volume of the beam in phase space remains constant. This sort of

emittance growth is illustrated for a two dimensional sub-space in Figure E.3. As can be seen, the ellipse which

effectively represents the beam, as far as the transport system is concerned, occupies a larger portion of the two

dimensional sub-space than the region actually occupied by the beam particles.

Figure E.3: The effective emittance region of an aberrated beam in phase space.

When a beam is injected into an accelerator or a storage ring there are (x, x') and (y, y') machine

ellipses of particular orientations and aspect ratios to which these machines force the beam ellipses to conform

to. If the injected beam ellipses do not have the required (x, x') and (y, y') shapes and orientations at injection,

then new beam ellipses similar to the machine ellipses become filled (refer to Figure E.4), or effectively filled,

if the beam ellipses simply rotate within the machine ellipses. If new ellipses are filled or effectively filled,

emittance growth will have occurred. The process of manipulating the characteristics of a beam so that the

beam ellipses are already similar to the machine ellipses at the injection point is called beam matching.
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Figure E.4: An arbitrary machine ellipse bounding the input beam ellipse. The machine ellipse becomes filled
or effectively filled yielding a new beam ellipse which has experienced emittance growth.

In section E.1.1, it was pointed out that Liouville’s theorem does not apply for space charge forces,

interactions with targets, or, in the case of a H- cyclotron, interactions with extraction foils. Consequently,

emittance growth is associated with these phenomena.

E.1.7 ACCEPTANCE

At the point where the central trajectory of a charged particle beam crosses the entrance of a device in

a transport system, one can define an acceptance region in five dimensional phase space. This region

corresponds to the coordinates of all particles which, if injected at the entrance of the device, would be

transmitted. It is apparent that if the five dimensional hyper-volume of the beam is larger than the acceptance

of a device, particles will be lost. In this case the region of phase space occupied by the beam will shrink.

Typically this is not an acceptable way to create a beam with a small emittance. It is also common to define

two dimensional acceptances in the (x, x') and (y, y') phase spaces with units compatible with the beam

emittances.

If devices with narrow apertures in (x, y) space are present in the transport system, and if the beam

emittance is relatively large, the focusing elements of the system can often be used to cause the beam ellipse to

be oriented so that most of the emittance is distributed along the x' and y' axes at the location of each device

with a narrow aperture. Consequently, the projection of the beam in (x, y) space will be small enough to allow
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a high rate of transmission through each narrow device. Tailoring the beam in this manner is one of the main

goals of beam transport.

E.1.8 Dipole Magnet

The primary use of a dipole or bending magnet is to cause a charged particle beam to be

transported along a curved trajectory. There are many reasons why such a feature is desirable. Five common

reasons for using a dipole magnet are to enable the transport system to avoid physical obstacles, to maintain

particles on a circular or racetrack orbit, to permit momentum selection, to select different beamlines for

transport, and for steering. Dipole magnets can have first order focusing effects and higher order effects, as

well. Dipole magnets are somewhat restrictive in their focusing capabilities because the magnitude of the

magnetic field is usually fixed for achieving a particular bending requirement, and therefore the focusing

effects can not be easily adjusted.

The field of a dipole magnet is as illustrated in Figure E.5 (a). Note that the typical dipole

field bows outward as shown, and that for the purposes of bending calculations an effective length is

established over which the peak pole tip field effectively acts. This is best described by the following integral

Bdl B L0∫ = , (E.26)

where B is the magnitude of the magnetic field that the central ray experiences along its trajectory, dl is the

differential path length, B0 is the peak pole tip magnetic field and L is the effective length of the magnet. The

field B0 needed for a particular beam steering requirement can be calculated by using

Bρ(kG⋅mm) = 33.356p/q (MeV/c), (E.27)

and ρ ≈ L/θ. Note that ρ is the radius of curvature of the charged particle in the dipole field, p is the

momentum, θ is the azimuthal angle traversed by the particle’s trajectory in the dipole field, and q is the charge

(refer to Figure E.5 (b)). The momentum of the charged particle is calculated with the following formula

p = T 1+ 2
M

T
. (E.28)

The units of p are in (MeV/c), if the rest mass M and the kinetic energy T of the particle are both given in

(MeV).
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Figure E.5: (a) Side view of a dipole magnet (b) Plan view of a dipole magnet.

The first order focusing effects of a dipole magnet can be described in terms of the field

index which is defined as the negative of the fractional change in field associated with a fractional change in

radius [1], and is given by

n = − dB / B

dρ ρ/
. (E.29)

This quantity is used to describe the magnetic field at a given radius within the dipole magnet. The focusing

induced beam oscillations related to the field index are known as betatron oscillations. Vertical or axial

oscillations are described in terms of the axial tune νy which is the number of axial oscillations per revolution

of the central ray around the dipole (θ = 2π). The axial tune is calculated using

νy = n . (E.30)

Similarly, the radial tune νx describes the number of radial oscillations per revolution around

the dipole, and is given by

νx = −1 n . (E.31)
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In terms of these tunes then, the first order transport matrix for a dipole magnet in which the

central ray enters and exits normal to the pole faces is given by

cos( ) ( / ) sin( ) . .

( / ) sin( ) cos( ) . .

. . cos( ) ( / ) sin( )

.

.

.

.

( / ) sin( )

.

cos( )

.

( / )( cos( ))

sin( ) /
.

.

.

ν θ ρ ν ν θ
ν ρ ν θ ν θ

ν θ ρ ν ν θ
ν ρ ν θ ν θ

ρ ν ν θ
ν θ ν

x x x

x x x

y y y

y y y

x x

x x
 

0 0 0 0

0 0 0 0

0 0 0 0

0 0

0 0

0 0

0 0 0 0 0 0

1

0 0

0 0

10

2

−

−

−





















. (E.32)

Note that further first order focusing and defocusing effects can be introduced if the central ray does not enter

or exit the dipole magnet normal to the pole faces. Refer to [2, 6, 14] for further reading on dipole optics.

E.1.9 Quadrupole Magnet

A quadrupole magnet is used for focusing a charged particle beam. However, unlike a lens

used in the optics of light, a quadrupole magnet focuses in one plane while defocusing in the other plane.

Fortunately, quadrupole magnets can be used in combination to produce an overall focusing effect in both

planes. One such combination is the quadrupole doublet. A quadrupole doublet is a grouping of two

quadrupoles in which, for example, one focuses in the horizontal plane and the other focuses in the vertical

plane. Figure E.6 illustrates the quadrupole magnet structure and the field lines used in vertically focusing a

positively charged particle. In addition, the forces exerted on a positively charged particle moving into the

magnet are shown.

The magnetic field for a quadrupole magnet is given by [5, 14]

B yx = g , (E.33)

B xy = g , (E.34)

Bz = 0. (E.35)

The field gradient g is equal to (B0/a) where B0 is the pole tip magnetic field strength and a is the aperture

radius of the magnet. The first order transport matrix for a vertically focusing quadrupole magnet is given by
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cosh( ) sinh( )

sinh( ) cosh( )

cos( ) sin( )
sin( ) cos( )

k k k

k k k

k k k
k k k

L L

L L

L L
L L

 

0

0
0

0

1

−

−

−























1

1

0 0

0 0

0 0
0

0

0

0 0 0

, (E.36)

where k2 is equal to g/(p/q) and L is the effective length of the quadrupole magnet.

Figure E.6: The field lines for a quadrupole magnet which vertically focuses positively charged particles. The
forces experienced by positively charged particles along each axis are also shown.

E.1.10 Solenoid Magnet

The magnetic field lines for a solenoid magnet are shown in Figure E.7. There are three

optically important regions in a solenoid magnet. At the entrance and exit regions the magnetic field has a

radial and an axial component, except on the magnet axis, whereas in the central region of the solenoid the

field is strictly axial. The overall effect of the solenoid is to provide focusing, however, it also causes charged

particles to rotate about the axial axis as they are transported through the magnet. This is useful if one wants to

couple the (x, x’) phase space of the beam to the (y, y’) phase space.
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Figure E.7: The magnetic field lines of a solenoid magnet.

The overall first order transport matrix for a solenoid magnet is [2, 14]

cos ( / ) sin( / )cos( / ) sin( / ) cos( / ) sin ( / )

sin( / ) cos( / ) cos ( / ) sin ( / ) sin( / ) cos( / )

sin( / ) cos( / ) sin ( / ) cos ( / ) sin( / )cos( / )

sin ( / ) sin( / ) cos( / ) sin( / ) cos( / ) cos ( / )

2 2 1 2 2 2 2 1 2 2

2 2 2 2 2 2 2 2

2 2 1 2 2 2 2 1 2 2
2 2

0

2 2

0

2 2

0

2 2

0

θ θ θ θ θ θ
θ θ θ θ θ θ

θ θ θ θ θ θ
θ θ θ θ θ θ

K K

K K

K K

K K

− −

− −
− − − −

− −












 

0

0

0
0

1












.(E.37)

The angle θ is equal to B0L/(p/q) with B0 being the peak axial field, and the factor K is equal to θ/2L.

E.1.11 Circular Aperture Electrostatic Lens

The ion source extraction electrodes accelerate and focus the beam. These electrodes are

circular aperture electrostatic lenses. Figure E.8 shows a sketch of such a lens. The focal length for this lens is

given by [24]

f =
−

4V

E E2 1

. (E.38)

The electrostatic potential of the lens plate is V, the magnitude of the upstream electric field is E1 and the

downstream electric field magnitude is E2.
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Figure E.8: An electrostatic lens with a circular aperture [24].

The first order transport matrix for an electrostatic lens with a circular aperture is
1 0 0 0

1 1 0 0

0 0 1 0
0

0

0

0

1

0

1

0

−

−





















/

/

f

f
  

0

0

0
0

1

. (E.39)

E.12 Rotation Matrix

Standard optical components are sometimes rotated with respect to the lab horizontal and

vertical axes. In order to avoid introducing complicated transport matrices for rotated components, optics codes

usually rotate the particle coordinate vector or the beam sigma matrix while leaving the component’s transport

matrix in the usual unrotated form. Thus, the action of the rotated optical component is properly represented by

the multiplication of three transport matrices. The first matrix represents a rotation of the curvilinear coordinate

system by an angle θ, the second matrix is just the usual unrotated transport matrix of the optical component,

and the third matrix represents a rotation of the curvilinear coordinate system by an angle −θ to bring the

system back to the lab coordinates.

The rotation matrix used in this multiplication process is given by
cos sin

cos sin

sin cos
sin cos

θ θ
θ θ

θ θ
θ θ

0 0

0 0

0 0
0

0 0

0

0 0

0

0

0
0

1

−
−





















 . (E.40)
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*ORVVDU\
$SHUWXUH���KDV�WZR�GLIIHUHQW�XVHV�LQ�WKLV�GRFXPHQW��8VXDOO\�LW�UHIHUV�WR�WKH
DSHUWXUH�VL]H�RI�WKH�SK\VLFDO�EHDP�SLSH�RU�GLDJQRVWLF�FROOLPDWRUV��EXW�ZKHQ�WDONLQJ
DERXW�ERUH�GLDPHWHUV�LW�UHIHUV�WR�WKH�DSHUWXUH�VL]H�RI�WKH�TXDGUXSROH�PDJQHW�

%HDP�DGMXVWPHQWV���SKDVH�VSDFH�DGMXVWPHQWV�PDGH�WR�WKH�VLPXODWHG�VRXUFH�RU
LQSXW�EHDP�WKURXJK�GULIWLQJ�DQG�IRFXVLQJ�LQ�WKH��;��;
��DQG�RU��<��<
��SKDVH
SODQHV��7KH�EHDP�DGMXVWPHQWV�FDXVH�WKH�EHDP�HOOLSVHV�WR�WLOW�ZKLFK�PD\�RU�PD\
QRW�LPSURYH�WKH�DFFXUDF\�RI�WKH�EHDP�PRGHO�GHSHQGLQJ�RQ�ZKHWKHU�\RXU�DFWXDO
HOOLSVHV�DUH�XSULJKW�RU�QRW�

%HDP�KDOI�VL]H���YDOXHV�GHWHUPLQH�WKH�RXWHU�H[WHQWV�RU�PD[LPXP�GLPHQVLRQ�RI
WKH�EHDP�DQG�DUH�XVHG�WR�FDOFXODWH�WKH�EHDP�PDWULFHV��7KH�EHDP�KDOI�VL]HV�DUH�RQH
KDOI�WKH�ZLGWK�RI�WKH�IXOO�ZLGWK�RI�WKH�EHDP��7KH�SKDVH�VSDFH�HOOLSVHV�RI�WKH�EHDP
DUH�DVVXPHG�WR�EH�XSULJKW�XQOHVV�EHDP�DGMXVWPHQWV�DUH�PDGH�

;��LV�WKH�KRUL]RQWDO�KDOI�ZLGWK�RI�WKH�EHDP�LQ�PLOOLPHWHUV�
;
��LV�WKH�KRUL]RQWDO�KDOI�GLYHUJHQFH�RI�WKH�EHDP�LQ�UDGLDQV
�[[
��LV�WKH�WLOW�DQJOH�RI�WKH�KRUL]RQWDO�SKDVH�HOOLSVH�LQ�GHJUHHV
<��LV�WKH�YHUWLFDO�KDOI�ZLGWK�RI�WKH�EHDP�LQ�PLOOLPHWHUV�
<
��LV�WKH�YHUWLFDO�KDOI�GLYHUJHQFH�RI�WKH�EHDP�LQ�UDGLDQV�
�\\
��LV�WKH�WLOW�DQJOH�RI�WKH�YHUWLFDO�SKDVH�HOOLSVH�LQ�GHJUHHV

∆���GHOWD���LV�WKH�PRPHQWXP�VSUHDG�RI�WKH�EHDP�LQ�SHUFHQW�

%HDP�WUDQVSRUW�V\VWHP��DFWXDO�����LQFOXGHV�DOO�WKH�LRQ�RSWLFDO�HOHPHQWV��WKH
EHDP�SLSH��WKH�FROOLPDWRUV�DQG�YDFXXP�ER[HV�

%HDP�WUDQVSRUW�V\VWHP��VLPXODWHG����LQFOXGHV�WKH�,RQ�2SWLFDO�(OHPHQWV��WKH
&RQVWUDLQW�LFRQ��DQG�WKH�GLDJQRVWLF�WRROV�VXFK�DV�WKH�$SHUWXUHV��RU�EHDP�SLSH�
FROOLPDWRUV�DQG�YDFXXP�ER[HV���WKH�&URVV�6HFWLRQ�3ORW�LFRQ��WKH�*HW�6\VWHP
0HWULFV�LFRQ��DQG�WKH�(QG�5XQ�LFRQ�

%RUH�GLDPHWHU���LV�WKH�DSHUWXUH�VL]H�RI�WKH�TXDGUXSROH�PDJQHW�LQ�PLOOLPHWHUV�

&RQVWUDLQW�LFRQ���LV�XVHG�WR�GHILQH�EHDP�VL]H�RU�FXPXODWLYH�WUDQVSRUW�PDWUL[
UHTXLUHPHQWV�DQ\ZKHUH�DORQJ�WKH�EHDPOLQH�
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'LSROH�PDJQHW���LV�QRUPDOO\�XVHG�WR�FDXVH�D�FKDUJHG�SDUWLFOH�EHDP�WR�EH
WUDQVSRUWHG�DORQJ�D�FXUYHG�WUDMHFWRU\��)RXU�FRPPRQ�XVHV�IRU�D�GLSROH�PDJQHW�DUH�
• WR�HQDEOH�WKH�WUDQVSRUW�V\VWHP�WR�DYRLG�SK\VLFDO�REVWDFOHV
• WR�PDLQWDLQ�SDUWLFOHV�RQ�D�FORVHG�RU�VSLUDO�RUELW
• WR�SHUPLW�PRPHQWXP�VHOHFWLRQ�DQG
• WR�VHOHFW�GLIIHUHQW�EHDPOLQHV�IRU�WUDQVSRUW
• WR�FRUUHFW�PLVDOLJQHG�EHDPV�E\�VWHHULQJ�WKHP

'ULIW�OHQJWK���RU�GULIW�VSDFH�UHSUHVHQWV�DQ\�UHJLRQ�LQ�D�EHDP�WUDQVSRUW�V\VWHP
ZKHUH�QR�PDJQHWLF�RU�HOHFWULF�ILHOGV�DUH�SUHVHQW��)RU�H[DPSOH��WKH�VSDFHV�EHWZHHQ
PDJQHWV�DUH�XVXDOO\�GULIW�VSDFHV�

(QYHORSH�EHDP�W\SH���D�VLPXODWHG�EHDP�WKDW�LV�UHSUHVHQWHG�LQ�WKH�JUDSKLFV�SORWV
E\�OLQHV�WKDW�GHILQH�WKH�RXWHU�H[WHQWV�RI�WKH�EHDP�

*HW�6\VWHP�0HWULFV�LFRQ���D�GLDJQRVWLF�LFRQ�WKDW�FDQ�EH�LQVHUWHG�LQ�WKH�EHDPOLQH
DW�SRVLWLRQV�RI�\RXU�FKRLFH�DORQJ�WKH�=�D[LV��7KH�RQO\�FRQGLWLRQ�LV�WKDW�WKH\�EH
SODFHG�DIWHU�WKH�%HDP�6RXUFH�LFRQ���:KHQ�\RX�SODFH�D�*HW�6\VWHP�0HWULFV�LFRQ
\RX�DUH�DVNLQJ�IRU�PHDVXUHPHQW�LQIRUPDWLRQ�DERXW�WKH�EHDP�KDOI�VL]HV��WKH
FXPXODWLYH�EHDP�VLJPD�PDWUL[��WKH�FXPXODWLYH�WUDQVSRUW�PDWUL[�DQG�WKH�SDUWLFOH
YHFWRU�FR�RUGLQDWHV��7KLV�GDWD�LV�JHQHUDWHG�DW�WKH�=�FR�RUGLQDWH�RI�WKH�*HW�6\VWHP
0HWULFV�LFRQ�

0XOWL�SDUWLFOH�EHDP�W\SH���D�VLPXODWHG�EHDP�WKDW�FRQWDLQV�IURP���WR�������
SDUWLFOHV�

1RQ�6WDQGDUG�HOHPHQW�LFRQ���LV�W\SLFDOO\�DQ�RSWLFDO�FRPSRQHQW�ZKRVH�WUDQVSRUW
PDWUL[�PXVW�EH�QXPHULFDOO\�GHWHUPLQHG�E\�VSHFLDOL]HG�SURJUDPV��)RU�H[DPSOH��WKH
IULQJH�ILHOG�RI�D�F\FORWURQ�PD\�EH�LQFOXGHG�DV�D�QRQ�VWDQGDUG�HOHPHQW��7KLV
HOHPHQW�ZLOO�RQO\�EH�XVHG�E\�H[SHUWV�

3HUWXUEDWLRQ�LFRQ���DOORZV�\RX�WR�UHSUHVHQW�D�EHDP�ZLWK�D�FHQWUDO�WUDMHFWRU\�WKDW
LV�RII�FHQWHUHG�E\�;�PP�KRUL]RQWDOO\�DQG�RU�<�PP�YHUWLFDOO\��DQG�RU�WR
UHSUHVHQW�D�EHDP�ZKRVH�FHQWUDO�WUDMHFWRU\�LV�GLYHUJLQJ��PLV�VWHHUHG��E\�DQ�DQJOH�LQ
WKH�KRUL]RQWDO�SODQH�RI�;
�UDGLDQV�DQG�RU�LQ�WKH�YHUWLFDO�SODQH�RI�<
�UDGLDQV�

3ROH�WLS�ILHOG�VWUHQJWK���IRU�TXDGUXSROH�DQG�GLSROH�PDJQHWV��PHDVXUHG�LQ
�NLOR�*DXVV�RU�DPSV��LV�WKH�PDJQHWLF�ILHOG�VWUHQJWK�PHDVXUHG�DW�WKH�PDJQHW·V�SROH
WLS��0DJQHWLF�ILHOG�VWUHQJWKV�DUH�XVXDOO\�PHDVXUHG�LQ�NLOR�*DXVV��KRZHYHU��PDQ\
XVHUV�PD\�EH�PRUH�FRPIRUWDEOH�DGMXVWLQJ�WKH�SRZHU�VXSSO\�FXUUHQW�VHWWLQJ��LQ
DPSV��ZKLFK�LV�GLUHFWO\�UHODWHG�WR�WKH�SROH�WLS�ILHOG�VWUHQJWK�
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4XDGUXSROH�PDJQHW���LV�XVHG�IRU�IRFXVLQJ�D�FKDUJHG�SDUWLFOH�EHDP��8QOLNH�D�OHQV
XVHG�LQ�WKH�RSWLFV�RI�OLJKW��D�TXDGUXSROH�PDJQHW�IRFXVHV�LQ�RQH�SODQH�ZKLOH
GHIRFXVLQJ�LQ�WKH�SHUSHQGLFXODU�SODQH��)RU�H[DPSOH��D�¶KRUL]RQWDO·�TXDGUXSROH
PDJQHW�IRFXVHV�LQ�WKH�KRUL]RQWDO�SODQH�EXW�GHIRFXVHV�LQ�WKH�YHUWLFDO�SODQH�

6ROHQRLG��D�PDJQHW�WKDW�IRFXVHV�LQ�ERWK�SODQHV�DW�WKH�VDPH�WLPH�DQG�DOVR�FDXVHV
WKH�EHDP�WR�URWDWH�DERXW�WKH�=�D[LV�

7KLQ�/HQV��UHSUHVHQWV�DQ�LGHDO�OHQV��7KLV�HOHPHQW�DGMXVWV�WKH�EHDP�IRFXV
LQVWDQWO\�DQG�FDQ�EH�XVHG�DV�D�FRUUHFWLRQ�ZLWKLQ�WKH�V\VWHP��RU�WR�PLPLF�OHQVHV
WKDW�DUH�QRW�SDUW�RI�WKLV�VRIWZDUH��H�J���HOHFWURVWDWLF�OHQVHV�

8QLIRUP�GLVWULEXWLRQ���ZLWKLQ�WKH�ERXQGV�RI�WKH�EHDP��RU�ZLWKLQ�WKH�PD[LPXP
KDOI�VL]HV��WKH�GHQVLW\�RI�WKH�SDUWLFOHV�WKDW�PDNH�XS�WKH�EHDP�LV�FRQVWDQW�

=�FRRUGLQDWH���D�ORFDWLRQ�DORQJ�WKH�=�D[LV�RU�WKH�FHQWUDO�WUDQVSRUW�D[LV�RI�WKH
EHDPOLQH�
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Animation · 84
Apertures · 64
Automatic Tuning · 18
Axes · 78

B

Base Application Window · 6
Beam Constraints · 61, 62
Beam Half Sizes

units · 112
Beam Matrices page · 90
beam phase ellipse

tilted · 39
untilted · 38

Beam Sigma Matrix
edit · 39

beam spill · 35
Beam Type · 37
Beamline Elements page · 88
Bend Angle · 48
Border/Grid · 79
BTS Text Window · 87

show/hide · 35

C

change the beam type · 33
Collimator Window · 85
Common Window and Dialog Box Attributes · 97
Constraint Algorithm · 25
Constraint icon · 59
Control Menu · 96
Cross-Section icon · 67
Cross-Sectional Plots · 72
Cumulative Transport Matrices page · 91
current icon · 43
Cursor Actions · 93
Customer Service · 114
Customer Support · 114

D

Dipole Magnet · 45
Drift Length · 49

E

Edit Menu · 99
Elements

Specifying Parameters · 45
End Run icon · 67
Envelope · 37

F

File Menu · 98
Frame · 76
Fringe Field Correction · 47

G

Graph Type Page · 74
Graphics Plot Windows · 7
Graphics Plots

units · 112
Graphics Pop-up Menu · 81
Graphics Properties · 74

H

Help Menu · 103

I

Icon
Delete · 44

Icons
Cutting and Pasting · 44
Inserting · 43
Rearranging · 44
Show SBI Window Icon Names · 102

Installing · 5
Intensity Plot · 73

L

Longitudinal Plot · 71

M

Matrix Testing Window · 113
Multi-particle · 37
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non-readback apertures · 86
Non-Standard Element · 50

O

Optical Parameters
units · 112

P

Particles
units · 112

Particles page · 70
Perturbation Element · 51
phase planes

uncoupled · 39
Plot Types · 71

Q

Quadrupole Magnet · 51

R

readback apertures · 86
Real-Time Tuning · 12
Real-Time Tuning Procedures · 6
Registration · 114
Resource Window · 112
Rotation Element · 54
run algorithm · 7, 33
Run Options Menu · 101

S

Sample Beam · 7

SBI Window Features · 106
Sequential Beam Icon Window · 7, 106
Show/Hide Buttons · 104
Software Terminology · 94
Solenoid Element · 55
Speed Buttons · 103
stop the run · 34
System Matrices page · 69
System Properties page · 68
System Requirements · 114
System Waists · 92

T

Technical Support · 114
Text Blocks · 77
Thin Lens Element · 57
Title/Labels Page · 75
Toolbar buttons · 103
Transport Matrix Constraints · 63

U

Uninstalling · 5

V

Variable Parameters · 60
Vary Parameter Window · 105

W

What to Solve For · 23
Window Menu · 100

Z

Zoom · 84


